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FOREWORD 


This  report  wii  prepared  by  Standard  Pressed  Steel  Co.  ,  Jenkintown, 
Pennsylvania ,  under  United  States  Air  Force  Contract  No  AF  33(6161-3646, 
This  contract  wn  initiated  under  Project  No.  131M,  T.-  «k  No.  1^444,  The 
work  was  administered  under  the  direction  oi  the  Special  Pro.iej:i  Bram  ■■ , 
WCL5J-3,  Aircraft  Laboratory,  Wright  Ai r  Development  Center  with  Mr. 

A.  B.  Nutt,  Branch  Chief,  Mr.  J.  W.  Evans,  Section  Chief,  Wr.  F.  A. 
Hannon,  Project  Engineer. 

Xr.is  report  covers  the  period  oi  work  from  April  Z,  1956  to  February 
15,  i958. 


ABSTRACT 


The  object  of  ttu*  project  we*  to  establish  the  tension-tension  fatigue  pro 
pvrliee  oi  external  thread*  without  the  influence  of  Hr*t<  concentrations  re- 
sultmg  from  engagement;  and  further,  to  compare  the  fatigue  characteristics 
of  holt*  to  those  of  unengaged  threads.  Thcee  comparisons  were  to  be  nude 
on  part*  heat  treated  to  two  strength  levels,  160,000  psi  and  220,000  pti. 
AI»o,  fatigue  p«  upeiiivi  of  the  higher  strength  parts  with  thread  roots  to 
MIL-B-78J8  and  high  radius  thread  roots  were  to  be  compared. 

A  stud  with  a  reduced  diameter  threaded  section  in  the  center  was  de¬ 
veloped  to  evaluate  the  fatigue  characteristics  of  unengaged  threads  The 
bolts  used  to  determine  the  fatigue  properties  of  engaged  threads  conformed 
to  MS  2000'*  series  ar.d  SPS  E“S  22  difnen  aion*.  The  nuts  used  were  SPS 
42  T W  and  SPS  EWN  22  type  without  slots  or  locking  action,  fatigue  test* 
were  also  run  using  standard  self  locking  ail  metal  nut*  and  those  with  a  non- 
melalhc  locking  element 

S-N  tension-tension  fatigue  curve*  were  developed  on  stud*  and  bolt* 
heat  treated  is  ItO.CCC  ps,  and  220,  CO u  psi.  These  sere  made  from  the 
following  materials:  A1SI  8740,  AlSl  6150,  A1SI  4340,  Hy  Tuf  and  VatcoJtt 
1000.  The  lest  thread  diameters  ranged  from  1/4  inch  to  one  inch 

Thread*  were  formed  by  each  of  these  rr.-stkod*.  cutting,  grinding  and 
rolling  after  heat  trcatmea.1.  Teats  were  run  o«  both  studs  and  bolt*  with  the 
thread  root  radii  conforming  to  MIL-B-7838  and  with  high  radius  thread  roots 

All  bolt*  were  cadmium  plated  The  studs  were  tasted  with  and  without 
plating.  The  tension -tension  fatigue  test*  showed 

1.  The  fatigue  strength  of  unengaged  threads  is  1  1/4  to  2  1/2  time* 
greeter  than  the  engaied  thread*. 

2.  By  increasing  the  material  strength  from  160,000  psi  to  220,000  pet 
(1.4  times)  the  fatigue  strength  increases  1.2  to  2.  8  time s. 

3.  The  fatigue  strength  of  ihe  high  radius  thread  is  1. 4  time*  grester 
than  the  M1L-E-7838  thread. 

4.  All  metal  locknuts  yield  higher  holt  fatigue  strength  th%n  those  with 
non-metallic  locking  elements. 

5.  Plating  reduces  the  fatigue  strength  of  thresds  about  15%. 

b.  The  fatigue  strength  of  unengaged  thread*  rolled  after  heat  treatment 
it  i  Hi  to  2  times  grester  than  cut  or  ground  threads  under  similar 
conditions. 
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SECTION  I 


INTRODUCTION 


Rapidly  increasing  speeds  of  aircraft  and  mi»««!s:  demand  increased 
static  and  dynamic  properties  per  pound  of  material.  This  objective  may 
be  gained  by  three  different  method*. 

a.  The  development  of  alloy*  with  higher  •  tr eng th- to- weight  ratio*. 

b.  The  development  of  protesting  method*  to  attain  increased  pro¬ 
perties  from  existing  alloy*  heat  treated  to  higher  strength*. 

c.  The  design  of  part*  to  utilise  an  increased  percentage  of  the  in¬ 
herent  properties  of  the  alloy. 

At  the  present  time  pregrese  is  being  made  to  develop  alloys  with 
greater  str ength-to-weig'nt  ratios.  The  titanium  alloys  presently  being 
used  are  a  step  in  this  direction.  New  alloys  of  both  titanium  and  other 
elements  ar#  being  developed,  but  these  will  require  time  to  evaluate  and 
further  develop  for  commercial  applications. 

While  this  alloy  development  progresses,  techniques  of  processing  to 
increase  the  str ength-to- weight  ratio  must  be  continued.  In  this  manner, 
eve-,  greater  improvement  may  be  achieved  with  the  use  of  the  new  alloys. 
Two  of  the  improvement*  realised  in  recent  years  through  fabrication  pro¬ 
cedures  ar*  increased  strength  and  fatigue  liOt.  These  have  resulted  from 
the  selection  of  existing  materials  which  have  higher  strength  with  good 
ductility,  and  the  development  of  production  method*  to  produce  threads  on 
hardened  alioy*. 

Additional  gains  in  the  *trengtii-to- weight  ratio  can  be  achieved  by 
utilizing  designs  which  provide  an  increased  percentage  of  the  inherent 
properties  of  the  alloy.  Studies  of  the  stress  distribution  in  structural 
elements  have  disclosed  points  of  high  sires*  concentration  located  in 
areas  where  the  stress  had  been  estimated  to  be  at  a  minimum.  In  other 
instances,  it  hss  been  known  that  stress  mnceitrcticcc  lUiUu  bui  their 
effect  ha*  never  been  determined.  Design  criteria  developed  from  thane 
studies  will  be  applicable  when  new  alloy*  and  fabrication  technique*  are 
developed.  Thus,  an  additional  gain  in  the  atrengtb-to- weight  ratio  m *y 
be  realised, 

Since  threaded  fasteners  are  used  in  many  applications  on  aircraft, 
a  test  program  was  established  by  th*  Aircraft  Laboratory.  Wright  Air 
S;vt!visii»i  Center,  to  determine  some  of  th*  dynamic  properties  of 
threaded  fasteners.  Basically,  th*  object  of  th*  project  was  to  determine 
the  tension-tension  fatigue  characteristic*  of: 

a.  present  high  strength  aircraft  bolts 
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b.  unengaged  thread* 

c.  the  high  radio*  thread  form 

d .  plated  thread* 

e.  cut  thread* 

f.  ground  thread* 

The  bolt*  tested  were  heat  treated  to  165,  OOO/IBQ,  000  and  220,  00C/ 

240,  000  pai.  The  stud*  with  unengaged  threada  were  imbricated  to  the  tame 
strength  levels.  The  thread  (ormi  tested  were  fabricated  in  accordance 
with  MJL.-B-78J8  and  with  high  radius  threada.  These  thread*  were  tested 
on  bolt*  in  conjunction  with  nut*  and  on  etuii*  *o  designed  that  the  thread* 
were  not  engaged. 
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SECTION  U 


TEST  PROGRAM 


This  test  program  was  s«t  up  to  evaluate  the  static  and  dynamic  charac¬ 
teristics  of  threads.  Comparisons  were  made  between  the  tension-tension 
fatigue  strengths  of  threaded  assemblies  and  unengaged  male  threads.  Threaded 
parte  1/4  to  one  inch  diameter  were  tested.  The  thro  ads  were  produced  by 
a  single  rolling  operation  on  studs  and  bolls  heat  treated  to  160,  000/130,000  pai 
and  220,000/140,000  pai.  In  addition,  an  evaluation  was  made  of  the  fatigue 
strength  of  unengaged  male  threade  produced  by  cutting  and  grinding.  A  com¬ 
parison  of  two  modifications  in  the  M1L.-5-7742  thread  form,  which  consisted 
of  different  sise  radii  in  the  thread  root,  were  conducted  on  the  high  strength 
parts.  Since  alloy  steel  bolts  are  usually  cadmium  plated  for  corrosion  re¬ 
sistance,  tne  effect  of  this  costing  on  the  fatigue  life  was  determined. 

Bolts  were  imbricated  to  standard  configur  anona.  Ah  metal  nuts  were 
used  in  determining  the  static  and  fatigue  properties  of  the  bol'a,  Additional 
teste  were  conducted  using  all-metal  and  non-metalhc  insert  locknuts  to 
determine  if  there  was  any  difference  In  the  fatigue  life  of  a  threaded  assembly 
due  l<  tiie  design  ol  the  locking  element  of  the  nut. 

The  fatigue  properties  of  unengaged  male  threads  were  determined  on 
studs  which  had  the  test  thread  located  in  the  center.  The  goal  of  the  stud 
design  was  to  develop  t  part  which  would  fail  in  fatigue  near  the  center  of 
the  male  tea:  thread.  Thus  the  influence  ui  stress  concentrations  resulting 
from  nut  engagement  and  thread  termination  could  be  eliminated.  However, 
it  was  not  found  possible  to  completely  eliminate  the  effect  of  thread  runout. 

The  bolts  and  studs  heat  treated  to  160,  000/180,  000  psi  were  fabricated 
from  MIL-S-6049  (AISI  8740)  alloy  in  all  sues  except  the  one  inch  which  was 
made  from  MU.-S-5000  (AISI  4340)  alloy.  The  220.  000/ 240.  enn  p.i  ?-rts 
•-are  fabricated  from  MIL-S-8503  (AISI  6150),  MII.-S-7108  (Ky  Tuf)  and  Vasco- 
let  1000. 

Each  lot  of  parta  waa  subjected  to  static  and  dynamic  tests  to  determine 
their  properties.  The  following  static  tests  were  conducted  on  each  lot  of 
bolts. 

a.  Teneiis  strength  of  uie  threaded  fastener. 

b.  Yield  strength  of  the  threaded  fastener. 

c.  Shear  strength  of  the  bolt  body, 

d.  Teneile  strength  of  the  bate  material. 

e.  Yield  strength  of  the  base  material. 

f.  Percent  elongation  of  the  base  material. 

g.  Percent  reduction  of  area  of  the  base  material. 
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The  static  mechanical  properties  of  the  base  material  of  each  lot  of  studs 
were  determined.  Tensile  teeta  were  conducted  on  some  lots  of  studs,  but 
these  tests  were  discontinued  because  fracture  did  not  occur  in  the  test 
section. 

Tension-tension  fshgue  tests  ware  conducted  at  five  stress  levels  on 
all  lots  of  bolts  and  studs.  Four  stress  lavels  were  selected  to  produce 
failures  between  10,  000  and  4,  000,  000  cycles.  Firs  pieces  were  tested 
at  each  of  these  stress  levels.  The  fifth  stress  level  was  selected  to  pro¬ 
duce  8,000,000  cycles  with  no  failure.  Two  pieces  were  tested  at  this 
stress  level. 
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SEC  TION  in 


TEST  PIECES 


A.  BOLT: 

The  160,  000/180,  000  psl  bolts  were  mad*  in  1/4,  5/16,  J/8,  1/2,  5/8, 

3/4  mi d  oft*  Inch  diameters  to  MS  20004  aerlea  dimensions,  Figure  1.  The 
thread*  were  prodncsid  on  the  hardened  and  ground  part*  by  a  tingle  rolling 
proceaa  to  the  dim  an  alone,  form  and  contour  shown  in  Specification  MI  L- B  - 
7831.  All  tfUaaiara  except  tbs  one  Inch  were  fabricated  Cram  MIL-S-6049 
(AJS  8740)  alloy.  The  one  inch  diameter  waa  mad*  from  M1L-S-5000 
(A1SI  4340)  alloy.  The  bolts  were  cadmium  plated  to  Specification  QQ- P-416. 
Type  1,  Class  C  and  baked  at  371  *Y  4-25^  for  a  minimum  of  three  hours. 

One  group  of  220,  0(  0/240,  000  pei  bolts  *n  ma  *  .  ,  ,  3/8,  1/2,  3/4 

and  one  inch  diameters  to  SPS  EWB  22-4  aeries  dimensions.  Figure  2.  The 
threads  were  produced  oi  the  hardened  and  ground  parte  by  a  single  rolling 
process  to  the  dimensions,  form  and  contour  shown  in  Specification  MJL-B- 
7838.  All  these  bolts  were  fabricated  tram  MIL-S-7108  (Hy  Tuf)  alloy.  They 
were  cadmium  plated  from  a  fluoborate  bath  in  accordance  with  Specification 
NAS  672  and  baked  at  375°F  +2S9F  for  a  minimum  of  23  hours.  This  type 
plating  was  used  to  reduce  the  possibility  of  embrittlement  due  to  hydrogen. 

One  lot  oi  i/4-25  bolts  heat  treated  to  220,  000/240,  00C  psi  were  made  to 
MS  20004  dimensions.  Figure  l.  The  threads  were  produced  on  the  hardened 
and  ground  parte  by  a  single  roiling  process  to  tb»  dimensions,  form  and 
contour  shown  tn  Specification  M1L-B-7838.  These  bolts  were  fabricated 
from  MIL-S-8503  (A1S1  6150)  alloy.  These  bolts  were  cadmium  pitted  to 
Specification  QQ-P-416,  Type  1,  Class  C  and  baked  at  375 °F  +25°F  for  a 
minimum  of  three  hours. 

The  220,  000/24 C,  OCC  pai  bolts  were  also  made  in  i/2  and  j/4  inch  dia¬ 
meters  m  SPS  EWB  22-4  series  dimensions.  Figure  2.  The  threads  were 
produced  on  the  hardened  and  ground  part*  by  a  single  rolling  process  to  the 
dimensions,  form  and  contour  of  the  high  radius  thread  form.  These  bolts 
were  fabricated  from  MIL-S-7108  (Hy  Tuf)  alloy.  They  were  cadmium 
plated  from  a  fluoborate  bath  m  accordance  with  Specification  NAS  672  and 
baaed  at  375®F  y25°F  for  a  minimum  of  23  hours. 

One  lot  of  1/2-20  bolta  heat  treated  to  220,  000/240,  0C0  pti  were  made 
to  SPS  EWB  TM  9-e  series  dimensions,  Figure  3.  The  threads  were  pro¬ 
duced  on  the  hardened  and  ground  parte  by  a  eingie  rolling  proceae  to  the 
dimensions,  form  and  contour  of  the  high  radius  thread  form.  These  bolts 
were  fabricated  from  a  5%  Cr  die  steel  (VaacoJet  1000).  The  bolts  were 
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nickel -cadmium  diffuse  d  pitted  in  Accordance  with  Specification  A.MS  241b. 

Thia  pitting  «ii  ueed  to  provide  corroai-n  resistance  up  to  1000^. 

B.  STUQS: 

To  determine  the  tension- tension  fatigue  properties  o f  unengaged  threads, 
it  was  necensary  to  develop  a  test  specimen.  The  goal  of  this  deaign  was  to 
produce  fatigue  failures  in  the  center  portion  of  the  test  threeds.  To  achieve 
thie,  the  effect  of  street  concentrations  at  the  thread  termination  and  those 
due  to  the  trot  engagement  had  to  be  eliminated.  Therefore,  the  teat  thread 
could  not  be  loaded  through  a  out  and  the  effect  of  thread  termination  had  to 
be  minimised.  Various  designs  of  specimens  described  below  were  fabricated 
and  tested.  It  was  found  impossible  to  eliminate  entirely  the  effect  of  the 
thread  termination.  However,  in  the  design  adapted,  the  effect  of  the  thread 
runout  wee  minimised.  Failures  occurred  predominantly  is  the  last  full 
thread  except  in  the  case  of  the  cat  and  ground  threads  where  fractures 
occurred  nesr  the  center  of  the  threaded  portion. 

The  basic  shape  of  til  specimens  was  a  stud  with  a  reduced  threaded 
section  in  the  center.  .411  development  work  on  stud  design  was  carried 
out  on  parts  fabricated  It  yrn  AISI  8740  material  heat  trer.tad  to  160,  000/ 
180,000  pti.  The  thread  form  used  conformed  to  MTL-B-7838  and  was  rolled 
subsequent  to  heat  treatment. 

The  initial  design,  Figure  4,  had  a  1/2-20  tnread  on  each  end  with  a 
3/6-24  thread  in  the  center.  The  radius  (oining  the  two  threads,  the  1/2 
inch  to  the  3/8  inch,  teas  made  tangent  to  the  root  of  the  smallsr  thread. 

A  .065  inch  radius  fillet  blended  this  to  the  thread,  ft  fatigue,  failure  of 
the  1/2-20  thread  occurred  prior  to  the  3/8-24,  Figure  5.  In  all  subse¬ 
quent  designs,  the  threads  on  the  ends  of  the  studs  were  made  twice  the 
diameter  of  the  test  thread. 

Since  fatigue  occurred  first  in  the  1/2-20  thread,  it  was  decided  to  con¬ 
duct  aii  future  tests  tor  design  development  on  studs  with  1/2*20  threads  on 
the  end  and  1/4-28  MIL-B-7838  threads  in  the  center.  All  such  parts  were 
made  from  AiSI  8740  material  heat  treated  to  160,  000  psi  minimum  tensile 
strength. 

The  first  shad  oi  this  design  was  made  with  a  six  inch  radius  blending 
the  two  threads  ajrH  tangent  tc  the  1/4-28  thread  at  its  major  diameter.  The 
dimccticc:  arc  lie “T.  in  Tig..,  %,  t.  bpvniai  thread  roil  dies  were  made,  as 
shown  in  Figure  8,  to  produce  the  thread  between  two  runout  angles.  Am 
shown  in  Figure  7,  failure  occurred  at  the  thread  runout. 

Next,  studs  were  made  with  the  six  inch  radius  blending  the  two  threads 
tangent  to  the  pitch  diameter  of  the  smaller  thread.  Figure  9  shows  the 
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dimension!  ol  the  parts.  Fatigue  failure  occurred  at  the  thread  termination 
ae  mown  in  Figure  10. 

These  parte  were  modified  ae  shown  in  Figure  11  by  machining  a  3/16 
radius  at  tha  termination  of  the  test  thread.  This  fillet  was  tangent  to  the 
thread  root  and  waa  cold  workad  oy  forcing  A  roller  against  the  radius. 

Figure  12  shows  the  fatigue  failure  located  in  the  3/16  radius. 

The  next  stud  design  had  the  six  inch  radius  tangent  to  the  thread  root. 
The  1/4*24  thread  wae  rolled  before  grinding  the  eix  inch  radius.  Two  full 
threads  at  each  end  of  the  limiter  thread  were  ground  off  when  finishing 
the  six  inch  radius.  This  wss  made  tangent  to  the  thread  root  ae  shown  in 
Figure  13.  Fatigue  fracture  occurred  in  the  first  full  thread  from  the  ler- 
iiiniatikMi  as  ahoisn  in  Figure  14. 

Tu  ily  and  reduce  i he  stress  in  i'ne  thread  termination  area  further  so 
that  fatigue  failure  would  occur  nearer  the  renter,  a  new  design  was  tried 
This  is  shown  in  Figure  16.  The  thread  runout  was  tapered  from  the  full 
thread  form  to  the  six  inch  radius  which  was  tangent  to  the  major  diameter 
of  the  test  thread.  The  shape  of  the  dies  used  is  shown  in  Figure  16.  As 
shown  in  Figure  17.  fatigue  failure  occurred  at  the  junction  of  the  taper  and 
the  full  thread  form. 

Figure  111  show#  the  design  of  the  next  stud  tested.  A  uniform  Caper 
blended  the  major  diameier  to  the  root  diameter.  Standard  thread  roll  dies 
1  .nches  wide  were  used  to  thread  these  parts  The  fatigue  failure 

occurred  at  the  lunction  of  the  tapers  from  ihe  i  !i  inch  thread  and  the  1/4 
r.ch  thread,  as  shown  in  Figure  i  r 

The  f  nil  design  tested  «  shown  F.j'ire  20  A  1  4-2S  thread  fire 

was  planned  on  a  five  inch  radius.  The  axis  ol  each  thread  was  perpendicular 
to  the  sxis  of  the  stud.  A  satisfactory  thread  form  could  not  be  produced  due 
tc  the  difference  in  surface  speeds  between  the  die  and  the  part  along  ihe  con¬ 
tour.  The  soecial  thread  roll  die •  mart,-  to  novtim  tK-«a  pant*  a**  sh-.rwe  in 
Figure  21.  As  shown  ir.  Figure  22.  the  thread  was  not  fully  formed  over  the 
entire  length  and  had  a  protruding  sliver  of  metal.  F.tcned  specimens  showed 
laps  and  very  rough  surfaces.  A  satisfactory  thread  could  not  be  produced. 

At  a  meeting  held  at  Wright  Air  Development  Center,  it  was  decided  to 
discontinue  further  stud  develpment  and  use  the  design  shown  in  Figure* 
and  14.  This  wae  the  only  design  which  produced  fatigue  failures  in  the  fully 
formed  threads.  The  icactures  were  located  in  the  iaet  full  thread  before 
the  run  out  thread.  Studs  of  ali  s.zes  were  fabricated  to  the  dimensions 
shown  in  Figure  23. 

The  steel  specimens  were  produced  *->  t  -  -strength  levels.  160,  000/ 

180,  000  psi  and  220,  000/240, 000  psi .  The  low  -r  -er.gtb  parts  were  ibri  - 
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cited  from  MIL-S-60«;9  (AISI  8740)  with  teat  thread  diameter •  of  1/4,  3/8, 

1/2  and  3/4  inch.  The  on*  inch  *i*e  wa*  fabricated  from  MIL-S- 5000  (AISI 
4340)  material.  The  thread*  on  the**  sixes  were  produced  by  a  tingle  rolling 
process  on  the  harder ed  and  grcund  etude.  The  thread  form  conformed  to 
MIL-5-7742  ae  modified  by  VtlL-B-7838/ Table  1  and  24.  The  I'i 

inch  else  ate  elec  produced  with  both  cut  and  ground  thread*.  The  threeds 
were  cut  before  heat  treating  and  conformed  to  Mlh-S-7742.  The  root  of  the 
thread  *ti  flat  with  email  radii  blending  to  the  flanks.  Figure  25.  The 
ground  thread*  were  produced  after  beat  treatment  with  root  radii  rounded 
to  MIL-B-7838. 

Some  of  the  1/4,  3/8  and  3/4  inch  taet  thread*  at  160,000  pel  with  rolled 
thread*  were  cadmium  plated  to  Specification  QQ-P-416,  Type  1,  Clae*  C. 
Theee  were  baked  at  375°F  for  3  hour*  to  remove  hydrogen. 

Higher  strangth  level,  <20,  000/240,  000  pei,  specimen*  were  fabricated 
from  kilL-S-7104  (Hy  Tuf)  material  with  lest  thread  diameters  of  1/4.  3/8. 

1/2,  3/4  and  oue  inch.  Also,  a  lot  wat  produced  in  the  1/4  inch  sire  from 
MJL-S-8S03  (AISI  61501  material.  Thread*  were  produced  by  a  aingle  rolling 
operation  on  the  hardened  and  ground  stud*.  The  thread  form  conformed  to 
MtL-S-7742  •«  modified  by  M:^-B-7638,  Table  i.  The  1/2  and  3/4  inch 
site*  were  also  fabricated  with  the  high  radius  thread,  Figure  26  and  Table  2. 
Te«t  epec'.rr.ena  with  rolled  threads  in  the  1/4,  3/8  and  3/4  inch  alee  at  220.  000 
psi  were  cadmium  plated  from  a  fiuoborate  bath  to  Specification  NAS  672. 

These  were  baked  at  375 PF  for  23  hour*  to  remove  hydrogen.  Studs  with 
the  3/4  inch  tlae  threads  were  aleo  made  by  cutting  and  grinding.  The 
threads  were  cut  to  MIi,-5-7?42  before  Heat  treating.  The  root  waa  flat 
with  email  radii  blending  to  the  fiax2:«.  Figure  23.  The  M’L-B-7838  thread 
form  *u  ground  after  heat  treatment. 

A  lot  of  1/2-20  stud*  were  produced  from  i  5%  chromium  hot  work  die 
steel,  VaScoJet  1000  and  ever*  hast  treated  to  2  20,000/240.000  pai.  The 
Mga  radius  thread  form  was  rolled  after  heat  treatment. 


C.  HUTS: 


The  locknuts  tested  in  fatigue  to  evaluate  the  effect  of  design  were 
standard  external  wrenching  nuts  for  160,000  pfi  bolt*.  The  all  metal  de¬ 
sign*  were  the  SPS  42TW  524  and  42FW  1018.  The  nut*  with  *  noa-mettlhc 
locking  element  were  the  E5NA  EB0524  and  EB  1018. 
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TABLE  I 


Thread  Root  Radii  Specified  in  MIL- B-  78  38 

Radiua(inch) 


Size 

Minimum 

Maximum 

1/4 

.0040 

.0051 

5/16 

.0050 

.  0060 

3/8 

.CSSC 

.0060 

1/2 

.0060 

.0072 

5/8 

.0060 

.0080 

3/4 

.0070 

.0090 

1 

.0080 

.0103 

TABLE  n 

Thread  Root  Radii 

Specified  for  High  Radiu*  Thread 

Radius  (inch) 

Size 

Minimum  Maximum 

1  H 

.0078  .0090 

3/4 

.0092  .0112 
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SECTION  IV 


TEST  EQUIPMENT 


A.  TENSILE: 

1.  Machine* 


Tiniu*  01*en  Universal  Testing  Machine*  which  were  used  in  thiii  project 
had  the  following  capacities: 


Max.  Capacity-# 

Additional  Tensile  Ranges 

Type  Operation 

Figure 

30, 000 

6,  000;  1,  200;  300 

Elcctomatic 

27 

60, 000 

12,000;  1,200 

Hydraulic 

26 

120,  000 

24,000;  6,000;  1,200 

Electomatic 

29 

400. 000 

80,  000;  20,  000 

Hydraulic 

30 

The  electomati 

c  machines  operate  by  a  variable  speed  motor 

driving  the 

loading  icrewi,  The  load  is  measured  through  a  lever  *y*tem  and  load  cell* 
consisting  of  differ ennni  transformer!  on  a  beam.  The  guaranteed  accuracy 
of  these  machine*  is  +)%. 

The  hydraulic  machix.es  are  loaded  by  fluid  pressure.  The  load  is 
measured  through  differential  transformer*  on  sensitive  Bourdon  tubes. 

The  guaranteed  accuracy  of  these  machines  is  alio  -f-1%. 

All  tensile  machines  were  calibrated  using  proving  rings  certified  by 
the  U.  S.  Bureau  of  Standards.  The  rings  shown  in  Figure  31  have  the 
following  capacities: 

3,  000  pounds 
30,  000  pounds 
300, 000  pounds 

2.  Accessories 

Each  machine  is  equipped  with  the  following  accessories: 

a.  Pacer  *  to  control  loading  at  a  fixed  rate  in  pounds  per  minute. 

b.  Recorder  -  to  plot  load  in  pounds  vs  extension. 

c.  Strain  rate  indicator  -  to  control  loading  at  a  fixed  strain  rate. 

All  tests  were  run  with  one  of  the  extensometer a  shown  in  Figure  32. 

The  extensometer  in  the  lower  left  corner  was  used  to  measure  the  elong- 


lu 
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abon  of  bolts  in  inches,  i  hs  "S"  series  ot  exteasomeUrs  was  used  to  measure 
smooth  specimen  elongation  in  ipeh  per  inch.  The  particular  gage  lengths 
used  for  the  specimen  were  0.  SO,  1.  0,  1.4  and  2.  Q  inches.  An  application  of 
the  extensometer  on  a  specimen  may  be  seen  in  Figure  33.  Figure  34  shows 
how  the  bolt  exter.eometer  is  used  on  bolts  up  to  fifteen  inches  long. 

The  lever  arm  of  the  extensometer*  actuates  the  differential  transformer, 
which  m  turn  transmits  th«  signal  to  the  recorder.  In  this  way  the  elongation 
is  plotted  on  the  recorder  according  to  the  magnification  selected  on  the  re¬ 
corder  panel.  Each  cjUerisometer  has  three  magnification  ranges.  These 
ranges  vary  from  50  to  1000  depending  on  the  extensometer  used. 

To  accurately  locate  the  bolt  extensometer,  a  center  drill  hole  is  m '  do 
at  the  point  and  in  the  head  recess  or  socket.  This  gives  point  contact.  The 
specimen  extensometer s  arc  put  directly  on  the  smooth  gage  section  of  the 
piece.  The  gage  length,  used  for  specimens  was  four  times  the  gage  diameter. 
The  guaranteed  accuracy  of  the  recotder  is  4-1  >. 

3.  Fixtures 

To  attain  the  required  alignment  for  accurate  values,  fixtures  fabricated 
to  close  tolerances  vi-ere  used  for  tensile  testing. 

The  links  used  tire  shown  in  Figures  35  thru  39.  Thess  were  also  used 
in  fatigue  testing,  \frith  the  use  of  adapters.  Figures  40  thru  42,  these  links 
provided  a  means  to  test  from  1/4  to  1  1/2  inch  diameters.  Both  the  links 
and  the  adapters  were  fabricated  within  very  close  tolerance  to  insure  axial 
Inarhng. 

Bolt  and  nut  combinations  were  pulled  in  tensile  with  links  and  adapters 
at  both  ends.  The  stud  specimens  were  pulled  with  the  link  set  up  on  one  end 
and  a  tapped  bar  on  the  other.  The  tapped  bar  was  held  in  the  tensile  machine 
by  jaws.  The  tapped  bars  are  pictured  in  Figures  43  and  44. 

The  drawings.  Figure  45  and  46  show  the  top  and  bottom  of  the  room 
temperature  shear  die.  The  sat  up  is  shows  in  Figure  47.  The  shear  tests 
were  run  in  the  Universal  Testing  Machines. 


r  n  uuut: 


1.  Machines 

Fatigue  machines  of  the  following  models  and  capacities  were  used  to 
test  the  bolts  and  studs  a i  this  program: 
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a.  5,000  pound  Krouse  operating  at  1650  CPW,  Figure  46. 

b.  15,  000  pound  Krouse  operating  ac  1050  CPM,  Figure  49. 

c.  60,000  pound  !tt  operating  at  1200  CPM.  Figure  50. 

d.  60,000  pound  Krou.a  operating  at  650  CPM,  Figure  51. 

e.  220,000  pound  Amaler  operating  at  500  CPM,  Figure  52. 

Load  multiplying  fixture*  were  uaed  on  a  15,  000  pound  Krouse  and  the  Ivy 
machine  to  produce  60,000  pounds. 

The  5,000  and  15,000  pound  Krona  a  machine  a  operate  on  the  principle  of 
an  adjustable  throw  crank  applying  the  alternating  load  to  the  specimen  thru 
a  lever  and  a  parallelogram  of  flextur*  plates.  The  minimum  load  is  applied 
by  a  hydraulic  cylinder  attached  to  a  stationary  holder.  During  the  test,  icon' 
atant  load  limit*  are  maintained  on  the  specimen  by  electrical  contact*  on 
the  lever.  These  contact*  operate  solenoids  which  permit  oil  to  flow  to  the 
hydraulic  cylinder  a.  In  thi  ?  manner,  the  load*  can  be  maintained  within  +2% 
at  all  times. 

The  60,300  pound  Krouse  i*  basically  the  same  machine  as  the  15,000 
pound  Krouae.  The  load  is  applied  to  the  specimen  through  4:1  multiplying 
levers.  Figure  51. 

The  12,000  pound  Ivy  machine  i*  an  inertia-compensated  machine  that 
develops  the  alternating  force  by  rotating  an  adjustable  rnaea.  The  etatic 
load  is  applied  through  a  torsion  bar.  The  loads  are  applied  by  mean*  of 
an  oscillating  beam.  The  load  multiplier  increases  the  capacity  five  times. 
Since  the  dynamic  load  alternates  about  the  mean  static  load,  the  static  load 
is  controlled  to  maintain  the  load  limits  within -J  2%.  This  is  done  by  a  re¬ 
luctance  gage  and  an  electronic  circuit. 

The  220,000  pound  Amaler  machine  applied  all  loads  by  hydraulic  pressure 

TVn  1«e  sje  sen  seessl  sa6u<  uusl  wel  fiWl  s»  XML  u>  toll  #4  ewe  to  to  Uw  uIaAFfIa  AAnfuAlfi  An  nr*U. 

sure  gages. 

2.  Fixtures 

The  adaptors  and  links  provided  a  method  for  testing  both  studs  ivnd  bolts 
of  different  diameters  in  the  same  machine .  Figure  53  shows  the  basic 
tension-tension  fatigue  set  up  using  a  bolt,  adapters,  links  and  washer. 

Link*  were  made  in  various  sizes  ranging  from  3,  000  to  220,000  pound 
maximum  capacity  as  shown  in  Figures  35  thru  37  and  54.  The  tolerances 
of  squareness  and  concentricity  were  held  to  vary  close  limit*  to  insure  uni¬ 
axial  loading.  In  this  way  alignment  is  built  into  the  set  up  and  not  left  up 
to  the  operator.  The  design  of  the  links  meet;  the  requirements  of  NAS  1069. 
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■  The  adapter  a  used  la  the  Unite  nr*  shown  in  Figures  40  thru  42.  Note 
thgt  the  tolerances  of  squareness,  concentricity  and  else  were  held  to  a 
practicable  miainRunri  to  insure  uniaxial  loading.  Figures  55  and  56  show 
the  adapters  used  to  test  tbs  threaded  studs  when  nuts  were  not  used. 

Originally  all  links  were  iabi-icated  in  accordance  with  Specification 
NA1  160  "Tension* Tension  Fatigue  Test  Standardisation".  October  1956. 
These  are  shown  In  Figures  57,  56  and  59.  Threaded  adapters  to  mount 
these  links  on  the  60,  000  pound  Krou.se  art  shown  in  Figure  60  and  61. 
However,  failure  of  the  links  at  low  cycles  and  low  loads  forced  the  use 
of  the  links  as  shown  in  Figure  52.  Figures  62  and  65  show  where  the 
failure  occurred  in  the  Large  (200,  000  pound)  NAi  link  at  173,  200  cycles 
under  s  90,500  pound  load.  Figure  64  shows  failure  of  the  15,000  pound 
NAi  link.  The  design  of  these  NAI  links  have  since  been  changed  to  in¬ 
crease  the  fatigue  life.  The  NAI  160  specification  has  been  superseded 
by  NAS  1060. 

3.  Lxisd  Measuring 

The  loads  were  measured  by  resistance  strain  gages  bonded  to  the 
loading  column,  Figure  65.  To  insure  accuracy,  the  gages  were  cali¬ 
brated  under  dynamic  loading  to  develop  a  machine  constant.  >  calibrated 
load  cell  was  used. 

Figure  66  shown  the  electronic  equipment  used  to  measure  the  output 
from  the  strain  gages.  These  units  are  from  left  to  right. 

s.  Baldwin  or  Ellis  Associates,  six  channel  twitching  and  balancing 
unit.  This  provides  a  convenient  method  of  balancing  the  individual 
circuits  and  switching  from  one  set  of  gages  to  another. 

b.  Ellis  Aeeociatee,  BA-12  Bridge  and  Amplifier.  This  unit  supplies 

DC  power  to  the  circuit,  amplifies  the  output  from  the  gages  and 
provides  a  means  of  measuring  the  strain  at  the  gage  location. 
Basically,  it  completes  the  Wheatstone  bridge  of  the  circuit  with 
various  precision  resistors  to  provide  different  ranges  of  operation. 
The  chopper  circuit,  in  which  the  output  is  controlled  by  a  variable 
precision  resist or  adjusted  by  an  indicating  micrometer  screw. 
p^"»(4si  the  wf  measuring  the  gage  output  accurately. 

c.  DuMont  Type  304  A  or  350  Oscillograph  with  a  P-7  screen.  Through 
this  instrument  a  means  of  visual  adjustment  of  the  measuring  cir¬ 
cuit,  as  well  as  a  picture  of  the  loading  cycle,  is  possible. 

Measurements  of  loads  are  taken  by  adjusting  the  variable  precision  re¬ 
sistor  on  the  inplifiar  unit  by  a  micrometer  screw  until  the  horicents!  line 
on  the  oscillograph  ts  tangent  to  the  peak  or  trough  of  the  load  line  wave. 
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Figure  6?  shows  a  typical  pattern  on  the  oscilloscope.  The  honsontal 
measuring  line  is  shown  at  sero  stress.  The  readings  on  the  micrometer 
are  multiplied  ‘>y  the  constant  derived  by  calibration  /or  that  machine. 

All  cables  were  shielded  with  a  metal  covering.  The  shielding  and  all 
instruments  were  grounded  to  eliminate  lustiness  and  distortion  from  the 
oscilloscope  pattern. 

C.  NUTS 

The  160,000  psi  bolts  wers  tested  with  the  fatigue  nuts  shown  in  Figure  68. 
Another  fatigue  nut.  Figure  69,  was  used  to  test  the  220,000  psi  bolts.  The 
studs  were  tested  with  nuts  and  with  threaded  bushings. 

Special  1  3/4"  and  t"  nuts.  Figure  70,  were  used  to  test  the  one  inch 
unengaged  threads. 

All  nuts  varied  from  standard  because  they  Mad  neither  locking  device 
nor  plating.  The  squareness  oi  the  bearing  face  with  respect  to  the  axis  of 
the  pitch  diameter  wag  .00  5  inch  Tift  maximum. 

To  test  the  effect  of  nut  locking  devices  on  fatigue  life,  tests  were  run 
with  SPS  42  FW  524  and  SPS  42  FW  1018  nuts.  Figure  7l  aad  ESNA  EB  524 
and  EB  1018.  Figure  72.  The  SPS  nut  had  a  metallic  locking  device,  while 
the  ESNA  nut  had  a  non-metallic  insert. 

D.  WASHERS: 

To  prevent  the  head -to •shank  fillets  from  besring  directly  on  the  sdapters, 
countersunk  washers  per  SPS  WC  22.  Figure  73,  were  used  under  the  bolt 
heads  for  all  tests.  No  washers  were  used  under  the  nuts. 
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SECTION  V 


TEST  PROCEDURES 


A,.  TENSILE: 

After  fabrication  all  parta  ware  dimensionally  inspected  to  the  appli¬ 
cable  .  rint.  The  thread  form,  contour,  and  dimension*  were  particularly 
r  teu  a  *  to  their  conformance  to  gpecification  requirement*. 

The  bolt*  made  for  thi*  teat  program  are  hated  in  Table  IV.  The  atud* 
teated  art  lilted  in  Table  V. 

Two  smooth  specimens  of  each  lot  of  bolts  and  »£ude  were  pulled  in 
tensile  to  determine  the  static  mechanical  properties  of  the  base  material 
of  the  finished  part.  The  specimens  were  fabricated  to  sixes  listed  in 
"Federal  Test  Standards”,  Nn  151,  published  July  17,  1956.  The  gage 
sixes  used  for  each  thread  diameter  tested  are  given  in  Table  HI, 


TABLE  rri 

Gage  Sizes  for  Ptrts  Tested  in  Tensile 


Nominal 

Thread  Diameter 

Gage  Diameter 

Gage  Length 

1/4 

.113 

0.45 

3/8 

.  252 

J.O 

1/2 

.  357 

1.4 

3/4 

.  505 

2.0 

1 

.  505 

2,  0 

The  ultimate  strength  of  all  pu  ts  was  obtained  directly  from  the  dial 
on  the  tensile  machine.  The  yield  strength  of  the  specimen*  was  determined 
by  the  0.2%  offset  method.  Elongation  and  reduction  of  area  were  calculated 
from  direct  measurement,  R.e suits  of  all  tests  are  reported  in  Appendices 
I  and  U 

uiensomcwrs  of  the  appropriate  gage  length  were  used  on  all  specimens 
tested  as  shown  in  Figure  i’, 

Two  bolts  of  each  lot  were  pulled  in  tensile  to  obtain  the  ultimate  and 
yield  strengths.  The  overall  bolt  extensomeiei  was  used  to  plot  the  load 
extension  curve*  as  shown  in  Figure  34,  The  yield  strength  was  determined 
as  that  point  where  the  slope  of  the  plastic  region  of  the  load  extension  curve 
is  equal  to  2/3  the  slope  of  the  elastic  range  of  the  same  curve.  Tensile 
tests  were  not  run  on  the  studs  since  failure  occurred  in  the  shank  rather 
than  the  threaded  portion. 
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TABLE  IV 


Diameter 

1/4-28 

3/8-24 

1/2-20 

1/4-16 

1-14 


1/4-26 

1/4-28 

3/d-24 

1/2-20 

1/2-20 

1/2-20 

3/4-16 

3/4-16 

1-14 
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Bslts  Tested  ir r  rdc - 

160,  000  pel  Heat  Treatment 


Conilguration 

MS  20004 
MS  20006 
MS  20008 
MS  20012 
MS  20016 


Material 

MIL-S-6049 

MJX-S-6049 

MIL-S-8049 

MIL-S-6049 

MIL-S-5000 


Thread  Form 

MIL-B-7S38 

MIL-B-7838 

MIL-B-7838 

MIL-B-7838 

MIL-B-7838 


220,000  pel  H»it  treatment 


£WB 

22-4 

VtIL-S-  7108 

MIL-B-7838 

MS  20004 

KUL-S-6603 

MIL-B-7838 

EWB 

22-6 

MIL-S-7108 

MIL-B-7838 

EWB 

CO 

• 

w 

MIL-S-7108 

MIL-B-7838 

EWB 

rs> 

r* 

• 

CD 

MIL-S-7108 

High  Radius 

EWB 

TM  9 

VascoJet  1000 

High  Radiu* 

EWB 

22-12 

H1L-S-710B 

MIL-B-7838 

EWB 

22-12 

MIL-S-7108 

High  Radius 

EWB 

22-16 

MIL-S-7108 

MlL-B-7838 

56-326  16 


TABLE  V 


Studs  For  Tasting  Mechanical  Properties  of  Unengaged  Threads 


160,000  pel  Hest  Trent 


Diameter 

Material 

Thread  Form 

Thread  Formed  By 

Plate 

1/6-28 

MIL-S-6049 

MIL-B-7838 

rolling 

None 

1/4-28 

MIL-S-6049 

MIL-B-7838 

rolling 

Cadmium  (Cyanide) 

3/8-24 

M1L-S-6049 

M1L-B-7838 

rolling 

None 

3/8-24 

MiL-S-6049 

MIL-B-7838 

rolling 

Cadmium  (Cyanide) 

i/2-20 

Mil -S-6049 

MIL-B-7838 

rolling 

None 

3/4-16 

MIL-S-6049 

MIL-B-7838 

rolling 

None 

3/4-16 

MIL-S-6049 

MIL-B-7838 

rolling 

Cadmium  (Cyanide) 

3/4-16 

MIL-S-6049 

MIL-B-7838 

grinding 

None 

'•/ 4-16 

MIL-S-6049 

MIL-B-7838 

cutting* 

None 

1-14 

MIL-S-5000 

MIL-B-7838 

rolling 

None 

220,000  p*i  Heat  Treat 

1/4-28 

MIL-S-7108 

MIL-B-7838 

rolling 

None 

1/4-28 

MIL-S-7108 

MIL-B-7838 

rolling 

Cadmium  (Fluoborate) 

1/4-28 

MIL-S-8503 

MIL-B-7838 

rolling 

None 

3/8-24 

MIL-S-7108 

MIL-B-7838 

rolling 

None 

3/8-24 

MIL-S-7108 

mJL-5-7539 

rolling 

Cadmium  (Fluoborate) 

1/2-20 

MIL-S-7108 

MIL-B-7838 

rolling 

None 

1/2-20 

MIL-S-7108 

High  Radiu* 

rolling 

None 

1/2-20 

VaecoJet  1000 

High  Radius 

rolling 

None 

3/4-16 

MIL-S-7108 

MIL-B-7838 

rolling 

None 

3/4-16 

MIL-S-7108 

MIL-n-7838 

Ciuminni  { t  tUUOOI HCj 

3/4-16 

MIL-S-7108 

High  Radius 

rolling 

None 

3/4-16 

MIL-S-7108 

High  Radius 

rolling 

Cadmium  (Fluoborate) 

3/4-16 

MIL-S-7108 

MIL-B-7838 

grinding 

None 

3/4-16 

MIL-5-710B 

MIL-S-7838 

cutting* 

None 

1-14 

MIL-S-7108 

MIL-B-7838 

rolling 

None 

*  Thread*  cut  before  best  treatment;  nil  other  threads  formed  niter  heat  treatment. 
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All  tensile  teats  were  run  at  a  rate  of  65,000  pai  per  minute.  The  tensil 
machines  *•«  calibrated  with  proving  rings  certified  by  >h*  Bureau  of 
Standards. 

B.  SHEAR: 

Double  shear  tests  were  conducted  on  the  shanks  of  two  bolts  of  each  lot. 
The  shear  die  set  up  is  shown  in  Figure  47.  The  rate  of  loading  was  100,000 
psi  per  minute. 

C.  FATIGUE: 

iCarh  lnt  n{  atudf  and  bolts  f tin  set  !(ssis!l*tsssic&  fstiw^us  la  elays|np 

a  full  S-N  curve  with  four  stress  levels  between  10,000  cycles  and  the  en¬ 
durance  limit.  Five  pieces  wsre  tested  at  each  stress  level.  Pioces  were 
run  to  determine  the  8.000,000  cycle  endurance  limit,  and  two  pieces  were 
tested  at  that  stress  level. 

Cadmium  plated  studs  were  fatigue  tested  at  a  minimum  of  two  stress 
levels.  These  levels  wr.e  selected  to  determine  the  relative  location  of 
the  S-N  curves. 

Ir.  all  fatigue  tests  the  low  load  was  ten  percent  of  the  maximum  load. 
Loads  were  maintained  within  £Z%  by  the  various  methods  described  m  the 
section  on  Test  Equipment.  Fatigue  stress  calculations  were  based  on  the 
tensile  stress  area(l).  and  plotted  values  were  maximum  stresses. 

In  setting  up  a  fatigue  specimen,  it  is  extremely  important  that  the 
alignment  and  squareness  of  the  adspters  be  ss  accurate  as  possible  to 
insure  uniaxial  loading.  Therefore,  it  was  standard  procedure  to  check 
the  following: 

a.  That  the  adapters  sat  squarely  in  the  links  without  rocking. 

b.  That  the  part  slid  freely  througn  the  s^apters  at  both  extreme*  of 
the  stroke. 

(!}'  The  tensile  stress  area  is  calculated  by  the  equation  - 

A  =  3. 1416  (E/2  -  3H/16)2 
where  A  Z  Tensile  stress  area 
E  :  Basic  Pitch  Diameter 
H  Z  Height  of  sharp  V  thread 

3H/l^  IS  own  a  1  tA  i/2  a.sjy|<swH  »rn  tr*4  »v4srwa  |  »kss  s^[ 

Tbs  tensil*  stress  arses  are  listed  in  Table  i.  3,  page  129  of  "Screw- 
Standards  for  Federal  Services"  1957  Handbook  H-28, 
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Ths  first  place  of  any  lot  ran  at  a  particular  screes  vaa  assembled  into 
tbe  machine  sad  adjustments  of  the  LoadLna  m  ®  chard  orr.  *u«  m*ii*  itmtj  1  the 
required  loads  were  attained.  This  piece  was  run  to  failure  and  examined 
for  Indications  of  bonding)  aa  follows: 

a.  Beading  is  Indicated  by  the  fatigue  fracture  progreeeiog  from  one 
tide  of  the  part  to  the  final  tensile  fracture,  which  is  located  on 
the  opposite  tide  of  the  origin.  Figure  74. 

b.  Uniaxial  loading  result?  in  x  fracture  that  shows  fatigue  crack  pro¬ 
pagation  from  ail  aidee  of  the  part  toward  the  center,  Figure  75. 

Note  the  difference  in  appearance  between  Figures  74  and  75. 

<•  Ssvsre  bending  is  indicated  by  rubbing  marka  cn  the  body  of  the 

bolt  where  it  engaged  opposite  sides  of  one  of  the  adapters,  Figur  e  7b. 

■1.  If,  in  other  sample*  tested,  the  .ucatjon  of  the  start  of  the  fatigue 
crack  is  always  located  st  the  same  relative  position  to  the  link 
sod  adapter .  then  the  loading  is  r*>S  tuueouai. 

i.  Piotting  of  flat* 

i  oe  itnj'jf  nata  were  plotted  on  ecrr.i  -  iouari thmi  .  owner  t., 
sirnr  bsscei  on  in-  tensile  stre«*  area  was  plotted  e  *  -hr  ordinate  and  the 
cvrle  life  eras  plotted  a*  the  al->..i*aa  or.  a  logarithmic  scale. 

V  r.e  (..an  ,n  pounds  wss  a  no wa  cn  tr.e  left  .-.and  side  oi  the  chart.  The 
result*  of  each  te»t  were  plotted  and  the  curve  of  best  tit  »*s  drawn  through 
t.".e  logarithmic  mean  nvet.  These  were  computes  by  the  suuaHon 

Lo«  Xi  4-  Loe  X->  +  l  .or  X  -  *  f.ns  X, 

- : - -■ — — — : - t  Log  X 


v 


n 

X 


Test  result  at  a  giver,  stress  level 

Number  of  Specimens  tested  at  that  stress  level 

Logarithmic  Mean  Life 
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SECTION  VI 


SlIMUAR  Y  or  RESULTS 


Ths  rr.w  data  for  all  test*  arc  presented  in  tbs  App«miic«i.  Tbo  incilt 
properties  of  ths  part*  and  has*  material  are  tabulated  on  data  ebeete  for 
each  lot  of  placet.  The  tension -tension  fatigue  eyelet  are  tabvUnted  by  lot 
and  alto  plotted  to  show  an  S-N  curve.  Appendix  1  Include*  the  reaulta  of 
the  test*  on  all  parta  heat  treated  to  160,001  pal  and  Appendix  11  includes 
the**  for  the  220,000  pel  parte. 

To  simplify  the  data,  combined  S-N  curves  plotted  a*  tenaila  atreae 
arsa,  which  it  mean  area,  versus  logarithmic  mean  life  are  given  as 
follows: 


TITLE  CHA-T  T  NO. 


S-N  curve  of  Encaged  and  Uneasrated  Thread*  ' 

S-N  rurraa  of  1/2  lech  diametrr  Unengaged  Threads  rolled  on 

MiL-S-7133  and  VascoJet  1000  baat  treated  to  220,  000  pti  2 

S-N  cuevee  of  1/2  Inch  diameter  Bolts  mtde  freer.  MIL- i- 7108  and 

VascoJet  UKfO  3 

S-N  curve •  of  1/2  and  i,4  inch  diameter  Bolt*  n-.id#  from  MM  -3-7IOR 

and  VCU. -S-8S01  4 

S-N  curve  of  1/2  inch  diameter  Unengaged  Thread*  with  high  radiu* 

and  MiL-8-7eJk  thread  form*  5 

S-N  curve  of  1/4  Inch  diameter  Unengaged  Itixeadwiiii  high  radiu* 

and  MiL-o-7338  core  an  tor m.i  t 

S-N  curve  of  1/2  men  diameter  Engaged  Thread*  with  high  radiu* 

and  M1L-B-7838  thread  form*  ? 

S-N  curve  of  3/4  loch  diameter  Engaged  Thread*  with  high  ratgj* 

and  111  L  21-7838  thread  for  rot  3 

S-N  curve  .i  5/16  inch  MS  20005  Boil*  wita  Aii-Mstal  and  hon- 

acetaliic  Locating  Element  Nut*  9 

S-N  curve  of  5/8  inch  MS  20010  Bolt*  with  AU-Matai  and  Non- 

MeteJitc  Locking  Element  Nut*  10 

S-N  cures*  ol  J/4  inch  Unengaged  Threads  formed  by  cutting  and 

rolling  11 

3-N  curve*  of  5/4  inch  unougagao  i  or  *sq*  iormed  py  grinding  and 

roiling  1.2 

S-N  caress  of  1/4  thru  on*  inch  diameter  Unengaged  Threads  rolled 

on  MIL-S-6049  material  at  160,  000  pal  13 

S-N  cureea  of  1/4  thru  one  inch  diameter  Boils  heat  treated  to 

160,000  pel  J4 

3-N  cure**  of  i/4  thru  one  Inch  diameter  Unengaged  Threads 

roiled  on  hiiL-3-7103  at  220,  OCtJ  psi  15 

S-N  cure**  of  1/4  thru  one  inch  diameter  Bolt*  made  from  MIL-S-7108 

at  220,  000  psi  16 
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SECTION  VII 

DISCUSSION  Of  RESULTS 


A.  STUD  DESIGN; 

To  svaluate  the  properties  of  unengaged  threads,  It  was  necessary 
to  develop  a  specimen  with  threads  which  were  not  loaded  through  fe¬ 
male  threads.  Ae  outlined  in  the  section  on  Test  Pieces,  various  de¬ 
signs  were  tried,  to  determine  If  fracture  could  be  induced  near  the 
center  of  the  test  thread.  This  could  not  be  aehievs-d  os  the  specimens 
roll  threaded  after  heat  treatment;  therefore,  a  design  was  selected  which 
induced  fatigue  fracture  in  the  last  full  thread  before  the  termination.  Thus 
(ho  effect  of  tb®  thread  runout  was  reduced  to  the  lowest  possible  degree. 
However,  in  the  larger  sir.flg,  3/4  end  l  inch  dlamnter s,  it  was  necessary 
to  cold  work  by  shot-peening  the  radius  blending  the  test  section  to  the 
loading  threads.  A  P-33  shot  was  used  at  en  intensity  of  .Old  C2.  With¬ 
out  this,  fatigue  fracture  occurred  outside  tho  test  jn-ea,  Figures  7? 
and  78. 

The  initial  one-inch  test  epeclmsns  v/ero  produced  with  t.vo  inch  cut 
Shreada  on  the  a  vis,  fc’atlguo  f®llusa  occurred  at  tho  junction  of  this 
thread  and  the  radio*  a*  ehowain  Figure  79.  Fatigue  failures  v/era  pro¬ 
duced  in  the  l"H  thread  by  usirj  a  1  3/4-1?  rolled  thread  on  tho  ends. 

Tha  test  specimens  with  cut  and  ground  threads  were  made  to  tho 
same  configuration  a*  the  roll  threaded  parts.  In  this  esse,  fatigue 
failure)  occurred  near  tbs  center  of  the  test  cut  and  ground  threads. 

Figure  80. 

B.  EFFECT  OF  ENGAGING  THREAPS  OH  FATI6UE  LIFE; 

The  fatigue  strength  of  unengaged  threads  is  i  1/4  to  2  1/2  times 
greater  than  that  of  the  engaged  threads.  This  comparison  Is  based  on 
the  maximum  stress  which  would  product  a  fatigut  life  greater  than 
8,000,000  cycles.  The  difference  between  the  average  fatigue  Ilfs  of 
a!!  etsds  and  fcoito  MJL-S-75J3  ihre«u»  i»  shown  in  chart  i,  Table 

VI  lists  tbs  fatigue  strength  et  8,000,000  cycles  for  escb  lot  of  holts  and 
studs  with  MIL-B-7838  threads. 
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TABLE  VI 


Fatigue  Strength  at  8,000,000  Cycles 
Stress  Calculated  on  Tensile  Stress  Area 

M1L-S-6049  Material  *  160,000  psi  minimum 
MIL-B -7838  Thread  Form 

Teat  Thread  Diameter  Stress  to  Produce  Fatigue  Life  of  More  Than 

8, 000, 000  Cycles 


Stud 

Bolt 

1/4 

95,  000 

40,000 

3/8 

80,000 

40,000 

1/2 

ICO,  OC0 

40.000 

3/4 

',0D,  000 

40,000 

1 

100,000 

30,000 

Mll,-S-V108  Material  •  220,000p*l  minimum 
MIL-B-7830  Thread  Form 

1/4 

120,000 

80,000 

3/8 

100,000 

60,000 

1/2 

120,050 

65, 000 

3/4 

120,000 

35, 000 

1 

135,000 

00,000 
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Id  the  cut  of  160, 000  pel  Kent  treatment;  the  etud  fatigue  strength  wet 
2  to  2  1/2  timet  greeter  then  the  bolt.  For  the  ZV\j,  Duu  psi  strength  level 
with  the  MIL-B-7838  thread  roots  the  stud  strength  waa  1  1/2  to  2  times 
greater.  The  studs  with  the  high  radius  thread  root  made  from  Hy  Tul  at 
220,000  psi  had  a  fattgu*  strength  only  1  1/4  to  1  1/2  times  greater  than  the 
bolt  with  the  same  thread  form.  Sin,.}  the  difference  between  the  fatigue 
strength  of  the  etud  and  bolt  la  leas  with  the  high  radius  thread  than  the 
MIL-B-‘«  338  thread#,  the  etraei  concentration  In  the  threads  must  be  lees 
with  the  high  radius  thread  than  the  M1L.-B-7838  thread.  This  indicates 
that  bolts  with  larger  thread  root  radii  are  affected  leas  by  the  atreaa  con¬ 
centration  due  to  the  nut.  This  Is  demonstrated  by  the  bolt  fatigue  strength 
being  nearer  the  unengaged  fatigue  strength. 

C.  EFFECT  OF  MATERIAL  ON  FATIGUE  STRENGTH: 

Tha  fatiguo  oti'cngtli  of  tho  eti'.da  fabricated  from  VascoJet  1000  is  10% 
greater  than,  eitniler  parts  r,iado  from  MII.-S-71Q8  material,  Chart  2.  The 
fatigue  strength  of  the  VascoJet  1000  bolts  is  18%  greater  than  those  made 
from  S.'.IL,-S-71C8,  Chart  3. 

Tha  fatigue  strength  of  tha  M1L»S»8S03  material  Is  slightly  lower  than 
the  Hy  Tuf  in  both  shid  and  bolt  tests.  Chart  4. 

I).  EFFECT  OF  MATER  !AL  BTRENCTH  ON  FA  TIG  U IE  STRENGTH  OF  TljR  EADS: 

By  increasing  the  strength  of  the  material  from  160,000  psi  to  220,000  psi 
(1.4  times)  an  Increase  of  1.2  to  1,45  was  obtained  in  the  fatigue  strength  of  the 
studs.  M1L-S-8503  had  a  1. 2  increase  In  fatigue  life,  .VJE-S-7108  a  1.3  in¬ 
crease,  while  VascoJet  1000  showed  a  1.45  increase. 

The  increase  In  the  fatigue  strength  of  the  bolts  due  to  the  increase  of 
1.  4  In  tensile  strength  was  between  1.  4  and  2.  8,  The  bolt#  made  from  M 1 L. - S - 
7108  mad  MIL-S-8503  were  about  the  same  at  1.  .4  to  2,  The  one  lot  of  VascoJet 
studs  with  the  high  radius  threads  increased  2.  S  times.  This  Is  an  increase 
of  twice  the  fccrease  in  tensile  strength. 

The  increase  in  the  bolt  fatigue  life  is  equal  to  or  greater  than  the  In¬ 
crease  in  teasllo  strength.  However^  ifee  etud  fstsjpre  iHe  increased  slightly 
la  a  a  than  the  tensile  strength.  This  maybe  due  to  the  stress  concentration 
in  the  thread  termination  which  was  not  completely  eliminated  by  the  design 
of  tha  etud, 

E.  EFFECT  OF  THREAD  ROOT  RADIUS  ON  FATIGUE  STRENGTH; 

Th®  ? 'impart cor,  of  the  effect  of  MJL.-B-7838  and  high  radius  root  rad^ 
on  the  fatigue  life  is  based  on  parts  heat  treated  to  228, 000  psi.  These  were 
the  only  parte  mada  with  boih  thread  forme. 
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At  the  high  stress  levels  the  fatigue  strength  of  the  unengaged  high 
radiue  thread  ia  superior  to  the  MIL-2-7838  thread.  This  it  shown  in 
Charts  5  and  6.  At  a  life  of  more  than  8,000,000  cycles,  there  was  little 
or  no  difference  between  the  thread  forma. 

The  fatigue  atrength  of  the  bolt*  with  the  high  radiua  thread  form  wta 
at  least  1. 5  times  greater  than  the  parta  with  the  MJL-B-7838  thread. 

This  comparison  ia  shown  in  Chart  7for  the  1/2  inch  diameter  bolta  and 
Chart  8  for  the  3/4  inch  diameter  bolt*. 

Sine the  bolt  teata  showed  a  definite  superiority  of  the  high  radius 
over  the  M3L-B-7638  thread,  it  ia  probable  that  the  same  difference  was 
not  found  in  tha  studs  because  the  effect  of  the  thread  termination  was 
greater  than  that  of  the  thread  form.  The  atreea  concentration  due  to  the 
thread  engagement  with  the  holt  was  sufficiently  large  enough  to  cause 
fatigue  failures  to  occur  in  the  area  of  tha  nut  bearing  face  rather  then 
at  the  thread  termination, 

F.  EFFECT  OF  NUT  -OF&GN  ON  FATIGUE  STRENGTH  OF  BOLTS: 

Charts  9  and  10  ehc-w  comparative  S-N  curves  developed  with  locknuts 
having  metallic  threads  and  those  haviig  a  ntm-meullie  element  in  the  locking 
flection.  In  both  lasts  lbs  nuta  with  all-metal  threads  produced  auperior 
fatigue  life  in  the  mating  part.  It  appear*  that  ne  tho  eiss  increases  the 
difference  between  the  two  designs  becomes  greater.  Tho  suporiority  of 
the  all-metal  nut  can  he  attributed  to  less  stress  concentration  in  the  bolt 
resulting  from  better  load  distribution  in  tho  nut.  With  more  metallic 
threads  the  load  per  thread  is  loss;  thus  the  stress  concentration  ia  re¬ 
duced. 

G.  EFFECT  OF  PLATING  ON  THE  FATIGUE  STRENGTH  OF  UNE NG AGED 

THREADS. 

Plating  decreases  the  fatigue  atrength  of  threaded  parts.  A  reduction 
of  6%  to  11%  was  found  on  the  studs  boat  treated  to  160,000  psi.  The  cadmium 
plating  of  the  220,000  psi  studs  reduced  the  fatigue  atrength  9%  to  16%.  A 
reduction  of  10%  was  tound  in  the  one  lot  of  220,000  psi  studs  with  tha  high  radius 
thread. 

As  shown  in  Table  VU,  alee  had  no  effect  on  the  fatigue  life  reduction  due 

to  plating.  _  _  . . .  _  _ .  . . .  -  —  -  - - 
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TABLE  VII 


d  Pistisg  as  Fiagao  airength  of  Unengaged  Thread* 
Fatigue  Street  to  Produce  a  Life  of  100,000  Cycle* 


SUe 

Strength 

Thread  Fornn 

Strea*  Non-Plated 

Plated 

%  Reduction 

1/4 

160,000 

MIL-B 

127,  000 

120,000 

5.  51 

3/8 

160,000 

MIL-B 

117,000 

104,000 

11. 1 

3/4 

160,000 

MIL-B 

128,000 

120,000 

6.  25 

1/4 

220,000 

MIL-B 

150,000 

122,000 

18.  7 

3/0 

220,  000 

mil-0 

134,000 

122, 000 

8.  96 

3/4 

220,000 

MiL-n 

157,000 

135,000 

14.  0 

3/4 

220, 000 

High  Radius 

158,000 

142,  000 

10. 13 
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H.  EFFECT  OF  CUT  THREADS  ON  FATIGUE: 


The  fatigue  ittengih  of  the  unengaged  cut  thread!  !■  24%  to  60%  of  the 
rolled  MIL.-B-7838  thread.  The  fatigue  atrength  at  a  life  of  100,000  cycle* 
of  the  cut  thread*  on  part*  heat  treated  to  160,  000  pci  was  60%  of  that  ob¬ 
tained  with  rolled  thread*.  Under  similar  conditions  the  fatigue  atrength 
of  the  cut  threads  on  stud*  heat  treated  to  220,  000  pal  was  34%  of  the  rolled 
threads,  Chart  11. 

Table  VIII  shows  the  comparative  fatigue  strength  of  unengaged  cut  and 
rolled  threads  at  a  life  of  100,000  cycles. 


TADLE  VIII 


Rolled  Thread  after  Heat  Treatment  vs  Cut  Thread 
Fatigue  Strength  to  Produce  Fracture  at  100,  000  Cycles 
All  parts  were  3/4-16  unengaged  threads 


Tenoilo  Strength  -  psl  mini  mum 

Fatigue  Strength 

-  pel 

Rolled 

Cut 

160,000 

126,000 

75,000 

220,000 

160,000 

55,  000 

I.  EFFECT  OF  GROUND  THREADS  ON  FATIGUE: 

The  fatigue  strength  of  ground  threads  is  less  than  rolled  threads  but 
greater  than  cut  threads. 

The  fatigue  strength  at  100,  000  cycleB  of  the  ground  threads  on  part* 
heat  treated  to  160,  000  psi  is  68%  of  that  obtained  by  rolled  thread*.  On 
studs  heat  treated  bo  220,000  psl  (he  fatigue  strength  of  the  unengaged 
ground  thread  was  56%  of  the  rolled  thread,  Chart  12. 

Part  of  the  difference  between  the  ground  and  cut  thread*  can  be  due 
to  the  thread  forme.  The  cut  thread  had  a  flat  root  where  a*  the  ground  thread 
had  a  radius  conforming  xo  hii  L-o-7635, 

Table  IX  shows  the  comparative  fatigue  strength  of  unengaged  ground 
and  rolled  thread*  at  a  life  of  100,  000  cycles. 
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TABLE  IX 


Roiled  thread  veer  Heat  treatment  v»  u round  xnread 


Fatigue  Strength  to  Froduce  Fracture  at  100,000  Cycloa 


Alt  parte  were 

3/4-16  unengaged  thread* 

TenaSle  Strength  -  pal  minlmuri 

Fatigue  Strength 

-  psi 

Rolled 

Ground 

160,000 

126,000 

S5.000 

220,000 

160,000 

90,  000 
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SECTION  vm 


CONCLUSIONS 


Thi  fatigue  strength  of  unengaged  threads  is  about  1  1/2  times  that  of 
engaged  threads. 

With  the  proper  selection  of  the  material  the  fatigue  strength  of  rolled 
threads  increases  in  direct  proportion  to  the  ten*!!*  strength. 

By  increasing  the  thread  root  radius,  the  fatigue  strength  of  threads 
can  be  increased. 

Nut  design  affects  the  fatigue  strength  of  fasteners.  Generally  as  the 
thread  engagement  decreases  the  strength  decreases. 

Cadmium  plating  reduces  the  fatigue  strength  of  threads  an  average 
of  15%. 

The  fatigue  strength  of  unengaged  cut  threads  ie  34%  of  the  rolled  threads 
oil  parts  heat  treated  to  160,000  pst  and  60%  of  rolled  threads  on  220,000 
psi  parte. 

The  fatigue  strength  of  unengaged  ground  threads  ia  greater  than  that 
of  cut  threads  but  less  than  rolled  threads.  The  fatigue  strength  of  the 
ground  thread  is  66%  of  tho  thread  rolled  on  160,000  psl  matorlal  and  56% 
on  220,  000  psi  material. 
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FIGURE  16 

Tension- Tension  FafSgae  Fs&etsse  ©ItfasAbsvs  Stud  Located 
at  the  Juaetioa  of  fcbe  Tape?  and  Full  Thsoad 
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FIGURE  21 

Appearance  of  the  Above  Stud  after  Rolling 
Note  Silvers  of  Metal  and  Incomplete  Thread  Form  on  Fart  of  Stud 
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Special  Thread  Roll  Kun  used  to  try  to  Produce 
l/d*>28  Thread  on  the  Curved  Surface 
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Tension** Tension  Fatigue  Character! sties  o{  Unengaged  Threads 
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FIGURE  29 

120,0000  Tifduo  Olaon  ElocEornsele  Uaivoi’Bal  Tooling  Machine 
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FIGURE  30 

400,000#  Tlniue  Olaon  Super  "L"  Hydraulic  Universal  Testing  Machino 
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FIGURE  3< 

Bolt  Extensomete?  Bel  03  used  an  60.000*  Tenaii. 
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FIGURE  35 


Testing  Link,  3,000  Found  Capacity 
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FIGURE  36 

Testing  Uni,  IS,  COD  Pound  Capacity 
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FIGURE  37 

Touting  Link,  60,000  Pound  Capacity 
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Testing  Link.  120,000  Pound  Testing  Machine 
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FIGURE  39 

-A^pwr  *65*  ^op-Cnj»Bi!emd  <TO,'06fr  £»oua3  TeueSIe  Machine 
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FIGURE  40 

Couniorbtnrcd  Adapter  3,000  Pound  Tenting  Link 
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Adapter  for  1 5, 000  and  60,000  Pound  Fatigue  i-ink 
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Tapped  Bees  for  Tensile  Testing  Machine 
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FIGURE  48 


5,600#  Kroisne  Direct  Stress  Fatigue  Machine 
with  Hydraulic  Load  Maintainors 
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FIGURE  49 

15,  0000  Krouac  Direct  Stress  Fj'igue  Machine 
with  Hydraulic  Load  Maintainor 
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FIGURE  51 


60.0000  Krouse  Fatigue  Machine 
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FIGURE  54 

220,000  Pound  Tonal  cm  Fatigue  Adapter 
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FIGURE  55 
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FIGURE  56 


Threaded  Adapter  15,000  and  60,000  Pound  Fatigue  Link 
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3.  MATERIAL*  40  CAKBBN  ALL6V  STEEL, 
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5,000  to  15,000  Pound  Tension  Fatigue  Adapter 
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FIGURE  58 

25,000  to  60,000  Pound  Tension  Fatigue  Adapter 
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60,000  to  200,000  Pound  Tension  Fatigue  Adapter 
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15,000  Pound  Adapter  Krouae  Machine 
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2.  TCLERAMCS  UNLESS  SFSCiriES: 

PiRACH6jt3  *1/34,  BEGi  Mftt.8  *.G03,  AN@Lg8eg*„ 
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60,000  PoundAdapter  Krouae  Machine 
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FIGURE  62 


Close  up  of  Fatigue  Failure  o i  NAJ-160  Fatigue  Link 
200,0000  Capacity 
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Location  of  Strain  Gogea  on  Flexture  Plates 
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To  Measure  Dynamic  Loads 
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FIGUftK  67 


Oscillograph  Pattern  of  Dynamic  Load  and  Measuring  Circuit 
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NO'fgSi 

1.  BEARING  SURFACES  MUST  BB  8GUARE  WITH  HTCH  OJAMHTER  WITHIN 
.003  TIB. 

2.  ALL  THREADS  TO  BE  C5„ASS  S3. 

3.  TAP  THREADS  AFTER  HEAT  TREAT, 

9.  MATERIA!,,  88.jt?AQ  -  #7«AQ 


DIMENSIONS  IN  INCHES  UNLESS  OTHERWISE  SPECIFIES. 
TOLERANCES,  DECIMALS  t.  CIO.  ANGLES  *2* 

FIGURE  68 


Fatigue  Teat  Nut*  for  Tension  Bolts  under  200,000  FSI  Ultimate 
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'■  BtAfltrea  tunrAca  Muf  M  eauA»*  «iim  aivcw  oioutti*  m 
I.  AU,  n(8JU»  TO  01  CWASS  %9. 

TA5»  TM»S*D»  »rn«  KMt  TaUT. 

4.  *i»n.v  «u»*  *«*vaw»i*a  on.. 

•  .  MIMIAkl  <UOY  9HII,  «W8  4fl« 

o  aim  e.-hAStfrca  tzztit-.it,  (^(tuui  odiMirM  mum1 


,  FIGURE  69 

<  Fatigue  Test  Nuts  for  Tension  Bolts  under  240,080  PSi  Ultimate 
’iiDC  TR  58-326 
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SFSGAU  tSJTTO  FC3  QTUS3 

•J 


FIGURE  70 
Special  Nuts  iot  Studs 
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eABMIUM  SLATE  W£K  CJ»S-P-2A 
■mfiKAtJS  TO  BE  CLASS  Nf'-S  PH  K1L-S-7742 

MATERIALS  AM962S3  fc£H. 


:!«■ 


COUNTfiftBUNK  WASHw* 


PAST 

A 

t 

1 

c: 

1 

_  ;  .. 

r.*3 

fj  •  Caj 

P.1AH 

s,(-  ! 

MAH 

mn 

V.7IH’  A 

m 

'.oi 

.253“ 

.?31 

.339 

.C:'3 

"M3 

VA022-*  0 

wcua-  o 

3/10 

9/3 

.010 

.723 

.310 

.SO 

.314 

.975 

.431 

.«ea 

•C23 

•C23 

.033 

iCt3 

i3.-  / 

v/io 

.6/3 

.453 

.563 

.£■33 

.0:3 

wfl?*«  a 

1/2 

1.G£3 

,€M 

.601 

.612 

-CS3 

.CC9 

\Tii28»  0 

0/10 

1.1.0 

.67/ 

.0-9 

.CS§ 

Vi-’rC-iO 

'o/a. 

l./j-J 

•  C3I 

.€•37 

.773 

.Cf  9 

,C23 

5- ■'»!?, 

3/4  . 

i.n?3 

.550 

,732 

.CO 

.c:3 

r  .023 

y/rt 

l.'/ri) 

.Ml 

.677 

1.033 

.119 

.CS3 

wess-ts 

i* 

•'i,<759 

1.W3 

1.K3 

S.fSO 

.159 

.CSS 

“VrJgS-13 

1 '1/3 

2. £33 

1.191 

I.IR7 

1.273 

.110 

.033 

Wy2a’I0 

t"?/4 

2.CJ5 

l^e*5 

1.???. 

t.AV 

.119 

.033 

V.U-2  -L4 

s-a/d 

a.  to 

1.238 

<.&>/ 

1.623 

.119 

.SCO 

“WC22-24 

t-f/2 

3.  ICO 

l.£5©__ 

?,5§2 

i.€$7 

r.ii© 

.092 

MOibSi 

1.  COOSt 

ntmt  {*t£S£9  BSS2HftTe»  Set-T  §H  8IH7EENTMB. 

2.  MATElffALi  AfcJLCY  STSSL  WH.-S-iTSi  03  MfiL-5-1«i« 

3.  A^YlKWrWmVlNTWMCBt. 

*  tfg  taaft  atttttM* o^aaaa  .  _ .  _ 

3.  WA8H1S  fA'SSS  MU  STBS  PAf?ALL£t.  1*5  Ira  H  .082  fN€fl 
«.  tHMSHMefcS  IN  CNQiSS,  U i^LS eS  OTHSS  W? SS  ©FffCiFlED, 
TCUWANC*«i  OSC5f.lAL8i.CIO,  ANGUS©  *2°. 


FIGURE  73 


SFS  WC  22  Washers 
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g«IUltK  V4 

lA’SJgt-o  Fx’RCluvc  UcouVJna 

t'VOiii 


ywnmK  j/3 

X.'ntlcjOQ  Fppctrrvo  Ucoultlnrj 
Fsoi.i  \h\c  \;'\  leading 


FIGURE  76 

Bolt  Body  Showing  Robbing  Mark*  Resulting 
From  Non-Axlal  Loading 
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6'IGIME  77 


KnUnuo  fc'rachiro  in  Shanh  o t  3/4  inch  Test  Specimen 


JfKJyuf)  70 


P'c'iftu.o  P'recti'.ro  ill  Threat]  Section  of  3/4  inch  Teat  Specimen 
UeattHiitji  from  Shot  I'ecning  of  llp.t'hia 


t'MiHllEJDO 

Typical  fatigue  lTraclvtvo  of  Cut  and  Ground  Uuoiigajori  flisoarto 


WADC  TR  58-326 
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APPENftJX  I 

HAV/  1>ATA  l-'OH  160,000  PSI  PARTS 


TENSION  -  TENSION  FATIGUE  TEST  RESULTS 


10%  Pr«toad  -  Strata  Calculated  on  Tensile  Street  Area 

Date:  11-18-54 


Doit  Design 
Sice 

Material 
lleat  Treatment 
Threat!  form 
Plate 


Strcoo  Area 


MS  20004 
1/4-26 
M1L-S-6049 
160,000-160,000  psl 
M1L-B-7B38 

Cadmium  plate  por  QQ-P-416 
TYpo  1,  Class  C 

„  0362  Square  Inchon 


Nut  Type 


Style 

42i>\7 

Material 

AIM  0630 

Hen?  Treatment 

»«:  ?:i-n 

YcdMd,']  Machine 

r.icrto 

Kvonoo 

Capacity 

5,000  pound 

Speed 

1650  cpm 

Manltnutii  Load 

4,  34<50 

3,6209 

2,0969 

Ssrooo  120,000  pel 

100,000  psl 

UO.OOO  pal 

19,500 

29,100 

00. -100 

9.  100 

26,000 

87,000 

0O  600 

25,600 

76,400 

7,900 

23,400 

73,100 

6,700 

22, 300 

Average 

10,360 

25,600 

Logarithmic  Mean  lAio 

9,502  ‘ 

25,550 

Madmvim  Load 

2, 710# 

2,172# 

1,440# 

...  . _  . 

"r  .SwvTdii^nj - -60,  SSe-pst 

pi 

199,200 

833,200 

0,477,000 

163,000 

525,200 

8,951,000 

104,200 

427,300 

77,000 

277,900 

222,100 

Average 

136,000 

455,120 

8,714,000 

Logarithmic  Meaa  Life 

128,  500 

409,700 

WADC  TR  68-326 
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i 
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MECHANICAL  PROPERTIES 


for  Chart  No. 


Boll  JPaagrjntjan 
Type 
Sine 

Materia! 


MS  20004 

1/4-28 

MIL-S-6049 


B oil 

UiHmste  Tensile 

Yield  Strength 

Specimen  ) 

6.660 

5,500 

Specimen  2 
6.700 
5,600 

Majerlni  fRrcngt**  PS! 

<»i-7!0  CjiCI'li.KrH 

VcubJIo  Strength 

YSolcl  fnVGHjt'i 

159,  0C0 

109,  !i00 

165,000 
150, 500 

Klii.v'iitton  -  ft  In  <!  IHnn-.  tor 

C.930  fj’jiin-itncn 

1?.  5 

12.  6 

Ilcc'.jsUo-i  off  Avon  0  ft 

C»r3o  r,iC€*r-aci% 

r»).  3 

53.7 

f>hoar  fSfrcnfiiS  -  Coll  Hotly 

Pisiijtdi  -  fljublo  Shoor 

Pfl 

10,460 

105,900 

iO.OHB 

110.000 

Fatigue  Strtfnath  O  8,000,000 
Cyclea  ICja  Low  Load 

Pounds 

PS!  (Moan  Area) 

1.448 

40,000 

Lot  No. 

6S4144E 

WABC  Tft  58-326 
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"  "’Taaslaii'.  Ofaaiipn  r«Vigu*~T>»t 

S/6-Z4  M3  g0006  INTER NAL  WRENCHINO  BOLT 
MK.-B-6049  Maiafetel  -  tout  Tireatmarst  160,000-190,000  Pal 


CTCIUEB  TO FAILURE  j  |  |  ]|| 

m  1  '  1,005,500  lo.ecofioo 


TENSION  -  TENSION  FATIGUE  TEST  RESULTS 


10%  Preload  -  Stress  Calculated  on  Tensile  Stress  Area 


Date:  1-6-58 


Bolt  Design 

MS  20006 

Siec 

3/0-24 

Material 

M1L-S-6049 

lleat  Treatment 

160,000-180,000  p»l 

Thread  Form 

MIL-B-7838 

Plate 

Cadmium  Plate  per  OQ-P-416 

Typo  I,  ClaaS  C 

Stress  Are?. 

.  0876  Sqoaro  Inches 

Nut  Typo 

Stylo 

<J2fc’i7 

Materiel 

Air I  0630 

Jtc.ai  Treatment 

lie  ?.y..3?. 

Tooting  MncMn.o 

ttreuno 

Capacity 

15, 000  pounds 

Spied 

1030  cpiit 

Maximum  luinil 

10, 0127 

0, 760.7 

6,710/; 

Sirefm 

l?.°,000pnl  100,000  pal 

MiL-n 

11.000 

21.400 

72,000 

11,500 

20,500 

107,000 

10,000 

20, 500 

69,000 

11.400 

21,400 

71,890 

IK, 000 

20.800 

69,600 

Average 

12, 180 

20.920 

77,030 

logarithmic  Mean  Life 

11,960 

20,915 

76,710 

Maximum  Load 

5.  296S 

3, 5048 

Streoo 

60,089  pal 

40,000  pel 

- 

163,000 

10,  373,  500 

93,400 

126,000 

190.900 

129,700 

9,442,200 

Average 

140,  740 

9,907,  850 

Logarithmic  Mean  Life 

136,050 

8,000,000 

WADC  TR  58-326 
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MECHANICAL  PROPERTIES 


Date 


January  11.  19S5 


For  Chart  No. 


IS 


Bolt  Description 


Type 

Slice 

Material 


Bolt  Strength  Pounds 


Ultimate  "A'cnsSlo 
Yield  Sttcnglb 

f.lnlcrinl  Sirar.,-lli  P.cl 

.  252(i.i£jG  Specimen 
Tcnollo  Otvctv.tii 
Yield  Strength 

Kit  .tr'nllt;  *  ••  ',!>  in  6  IHnmotor 
.  2!>2(i3gc  Cpecimc-it 
Ueth-.t Hon  cl  |\vc>\  « 

.  252Gnfjc  Specimen 
S lie.tr  Cl renjih  ”  Holt  II o djr 


Potvndo  *  Double  Shear 
F31 

PatiQue  StrenijlhG  6,000,000 
Cycle o  10%  Low  I-^oad 


MS  20006 

3/8-24 

MII.-S-6049 


Specimen  1 
15,000 
12.600 


171,300 

i^n.p.oo 


10. -j 


52.0 


22,000 

<>9.600 


Specimen  2 
15,400 
12,600 


.160.700 

147,000 


14.6 


52.4 


22.500 

101,900 


Pound B  3, 504 

PS1  (Mean  Area)  40,000 


!,ot  No.  122S4K47K 


WABC  TR  58-  326 
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INTERNAL  WRENCHING  BOLT 


ota'eeo'ei 


TENSION  -  TENSION  FAT1GUETEST  RESULTS 
10%  Preload  -  Stress  Calculated  on  Teneile  Stress  Area 


Bolt  Design 
Sire 

Material 
Heat  Treatment 
Thread  Form 
Plate 


Date:  12-20 -54 


MS  20008 
1/2-20 
MIL-S-6049 
160,000-180.000  psi 
M1L-B-7838 

Cadmium  Plate  per  GO-P-416 
Type  1,  Class  C 


Stress  Area 

Nut  Type 
Stylo 
Material 
Meat  Treatment 


,  1597  Square  inches 


4?,  FVV 
A I  SI  6200 
tie  27-32 


Testing  Maehluo 
Make 
Capacity 
Speed 


Krouoc 
1  5, 000  pound 
1050  cpm 


Maximum  Load 
Strcou 


Average 

Logarithmic  Mean  Life 

Maximum  Load 
Strcoo 


Average 


17.0060 

15. 

172# 

12. 3000 

l,jf00j»Bi 

93. 050  poi  MIL-11 

19.  700 

39, 

500 

103,000 

10.000 

37, 

600 

90,000 

15,000 

37. 

000 

06,  500 

12,900 

36. 

500 

04,600 

10, 440 

35, 

QUO 

72, 000 

15,440 

37, 

120 

07,220 

15,057 

37. 

090 

86.6-32 

9,582# 

6,  388# 

60.000  psi 

40,000  psi 

813, 

600 

8, 

,000.000  NF 

645. 

200 

8 

,982.600  NF 

331, 

800 

131, 

900 

130, 

000 

390. 

500 

8 

.491. 300 

Logarithmic  Mean  Life 


113,  720 
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MECHANICAL  PROPERTIES 
Date  December  20,  1994  For  Chert  No. 


Bolt  Deecrlptlon 
Type 
Size 

Material 


MS  20008 
1/2-20 
MIL-S-6049 


Holt  Strength_P<mn (I a 


Ultimate  Tensile 
Yield  Strength 


Material  Strength  P.51 


.  357  Ongo  Specimen 
ToniiUo  Strength 
YloUl  Strength 


Specimen  1  Specimen  2 

29,300  31,000 

25,000  26,000 


172,700  176.100 

157,000  159.600 


Elongation  -  f,j  in  4  Diameter 
.  357  Gngo  Specimen 

llci’isctlpu  of  Area  »  % 

.  357  Gage  Spaeliiicn 

Shear  Strength  -  Holt  liody; 

Pountlo  -  Ooublo  Shonv 
PSl 

Fatlgup  Strength  O  0,  0 00^  000 
Cyclse  10%  Low  Load 

yoinido 

PSI  (Moan  Area) 


14.0 

56.2 

41,690 

105,900 


16.4 

60.0 

41,  750 
106,000 


6,388 

40,000 


Lot  No. 


11S4M48A 
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TENSION  -  TENSION  FATIGUE  TEST  RESULTS 


10%  Preload  •  Stress 


Bolt  Design 
Size 

Material 
Heat  Treatment 
Thread  form 
Plate 


Stress  Area 


Calculated  on  Tensile  Stress  Area 

4  lt-M 

MS  20012 

3/4-16 

MIL-S-6049 

160, 000-160,000  psl 

MIL-B-7838 

Cadmium  plate  per  QQ-P-416 
Type  I,  Class  C 

0.  3724  Squaro  inches 


Nut  Type 
Style 
Material 
Heat  Treatment 


42  mv 

A!f,I  0740 
ac  30-14 


Tooling  Machine 
Make 
Capacity 
Spocd 


Kronas 
60,000  pound 
050  rprn 


Maximum  Load 

37,2403 

29. 

1000 

22. 3443 

Strcoo 

100.000 j>ol 

MIL- B 

60, 000  ppl 

15,200 

76. 

100 

1.532,000 

15,100 

75, 

400 

1.067,700 

14,200 

75. 

400 

467,700 

13.700 

62. 

600 

213.000 

12,600 

61. 

800 

206,  300 

Average 

14,  160 

70. 

260 

697, 300 

Logarithmic  Mean  Life 

14, 130 

69, 

900 

507,200 

Maximum  Load 

18,6203 

14,8963 

Strooa 

30, 000  psi 

40,000  psi 

1.214, 

600 

8 

,746,000  NF 

3,' 106, 

300 

8 

.681,500  NF 

4,872, 

100 

983. 

000 

849, 

700 

Average 

2,205. 

140 

8 

,713.700 

Logarithmic  Mean  Life  1,728,000 
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MECHANICAL  PROPERTIES 


Date  March  28,  1955  _  For  Chart  No. 


Bolt  Or«crlption 

Typo  MS  20012 

Slee  3/4-16 

Matoriat  MIL-S-6049 


Bolt  Strength  Poundt) 

Ultimata  Tonolto 
Yield  Strength 

Material  Strength  PSI 
.505  Gage  Specimen 
Tcnoilo  Strength 
Yiold  Strength 

ElongntUm  Vj  in  4  Diameter 
.  505  Gage  Specimen 

lie  due  lion  of  Aren  -  % 

Gage  Specimen 

fi hear  S  ?y  c  n  g  th«^  Do  1 1  8 oil y 

Pounds  -  Double  Shear 
PSI 


Specimen  1 
70,600 
60,000 


177, 700 
162,000 


14.7 


43.0 


92,000 

103,100 


Specimen  2 
72,600 
62,000 


177,700 

162,000 


13.9 


44.  2 


95,  300 
107,900 


Fntlguo  Strength  Q  8,000,000 
Cycled  10 yj  Low  Load 

Poundo  14. 895 

PSI  (Mean  Area)  40, 000 

Lot  No.  216S94P72 
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TENSION  -  TENSION  FATIGUE  TEST  RESULTS 


a  «  n  _  > _ t 

son  rroioou  — 


Bolt  Ooaign 
Sice 

materia! 

Meat  Treatment 
Thread  Form 
Plato 


Stress  Area 

Net  Typo 
Style 
Material 
llsat  Treatment 

Tossing  MacMiio 
Malto 
Cftp.aclty 
Speed 

MshIiiium  IjO .:<! 

Strooo 


Average 

Logarithmic  Mean  Lifo 

r*13 HI  Ilium  trllJU 

Stress 


Average 

Logarithmic  Mean  Life 
IVADC  TR  58=326 


CSV  uait  ountru  vn  ttniouv  tnron  r»»  ca 


Date:  7-18-57 


MS  20016 
1-14 

iruijao*9ovtf 

160,000-180,000  pci 
MIL-B-7B38 

Cadmium  Plate  per  fill -P-4 16 
Typo  1,  Claee  C 

0.6791  Square  inches 


42  fW 
AIM  0740 
itc  30-34 


Atiinlor 
220, 000  povul 
000  cpm 


01.4920 

67.9100 

53,7000 

120.009  njl 

1 00,000  psi 

MIL-13 

12.400 

35.000 

60,000 

13.000 

42.  300 

105,500 

16,200 

43,900 

131.  500 

16.900 

44, 800 

132,300 

10.  100 

51. 300 

212,000 

15, 36b 

43, 460 

128.200 

15.  160 

42.  740 

118,400 

An 

-  - •crl 

1 

1 

x%  a&Kfl 

60,000  p»i  50,000  pul 


1,076,800 

0,000,000 

2,276,000 

6,000,000 

2. 831. COO 

3.665,000 

4,  190,000 

2,807.700 

0,000,000 

2,544,000 

8,000,000 

125 
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MECHANICAL  PROPERTIES 
0*te  July  24.  I9S7  For  Char*  No. 


Bolt  Description 

Typo 

Else 

Material 


MS  20016 
1"-14 

MIL-S-5000 


BoU  C Irena tli  Pc-.wdg 

Ultimate)  Temllo 
Yloltl  SU'ength 


Specimen  1  Specimen  2 

126,000  127,000 

115,000  1*7, 00U 


MntnFlaJJjlyfij-.ifti  ijSl 


.  505  Up 30  Gpnchnon 
'Pent Ha  lJlsci>;j{t» 

Yield  SJs-ct'jtvi 

32.500 

31,250 

34.000 
.3.2,  750 

ElmvtoHon  V)  J^4JHrmo*mr 
.  505  Oc;go  Spec! tnsii 

10.0 

10.0 

ilcittictloa  oS  Aron  «•  % 

.  005  Ougo  Cpacimcn 

*0.  0 

52,0 

Shear  Strength  --  Bolt  BogZ 
p^itatla  •  iinnhlo  Sheas? 

VZ1 

156.000 

99.300 

*56,000 

99,300 

Fartgns  Strength  (4  8,000,000 
Cvetes  105>  Low  Load 

Pounds 

PKt  (Mean  Area) 

33,955 

50,000 

Lot  No. 

89 

126 
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TENSION  -  TENSION  FATIGUE  TEST  RESU LTS 


t$%  Preload  - 


Bolt  Design 

Size 

Material 
Heat  Treatment 
Thread  Form 
Plate 

Streue  Area 

Nut  Type 
Style 
Material 
Heat  Treatment 

Tooting  Machine 
Malce 
Capacity 
Speed 

Maximum  Load 
Streao 


Average 

Logarithmic  Mean  Life 

Maximum  Load 
"  Stress  ' 


Average 

Logarithmic  Mean  Life 


Stress  Calculated  on  Ten  and  Sires  b  Area 
Date:  2-26-5? 


Stud 

1/4*28 

MIL-S-6049 

160, 000-180*  000  pel 

MIL-B-78  38 

None 


Unengaged 


SCrouee 
5,  000  pound 
1650  cpm 


5. mu 

5,0600 

4,  3440 

160,000  pai  140,000  poi 

1 20,  000  pai 

I 

I! 

£latcil 

impl.it  id 

pl,itcd 

5,  600 

70,000 

12,  300 

362,  000 

01, 300 

5,600 

56,500 

16,-300 

350,  800 

90,200 

4,800 

32,400 

17. 100 

159.  000 

101, 300 

4,  700 

19,500 

17,200 

133,  500 

124,600 

4.000 

17,000 

94,  200 

-5,940 

39, 160 

15, 730 

220,060 

“99,"  350 

4,912 

33,540 

15,610 

191.  100 

98.060 

3,6200 

3,2580 

100700ir»Bl 

90, "09  0~  pei 

1 1  ■  501 , 200  NF  9 

188,300  NF 

8,  150,  300  NF  8 

183,800  NF 

6,  145,  300 
3,650,900 

7,  361,900 

8 

686, 000 

6,772,000 
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MECHANICAL  PROPERTIES 
Date  March  14,  >957 _ _  For  Chart  t)o. 


22  and  23 


Holt  Oeacrtption 

Typo 

Slee 

Material 

Doit  Strength  Pounds 

Ultimate  Tensile 
Ylold  StfO&Btil 

Material  Strength  I'iil 

» 113  Gage  Specimen 
Tenollo  Strength 
Yield  Strength 

Eloi»(tatlpi»  -  'U  In  <3  Dlcmcta? 

•  113  Gage  Specimen 
Deduction  o{  Area  -  % 

•  113  Gage  Specimen 

Shear  Strength  -  Dolt  Dody 

Pounds  -  Double  Shear 
PSl 


Fatigue  Strength  ft  8,000,000 
Cyclng  10%  Low  Load 

Pounds 

_  Pfil  IMbjb  A  — o  ay _ _ 


Lot  No. 


Stud 

1/4-26 

M11.-S-60VJ 


Specimen  1  Specimen  2 


101.000 

172,500 

20.  a 

51.0 


183,  OLIO 
171,500 

11.0 

51.0 


3,475 

AO  AAA  _ 

7V»  wuO 

74 


t> 
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TENSION-  TENSION  FAT1CHK  TEST  RESULTS 
10H  Preload  -  Slyejt  Calculaltd  t»  T»n«.u»  _ a^__ 

• - 7  - -  nr  ca 

Date:  2-26-57 


Bolt  Design 
Sire 

Material 
Ilea t  Treatment 
Thread  Form 
Plate 

Stress  Area 

Kill  Type 
Stylo 
Motorinl 
Heat  Treatment 


Stud 

3/6-24 

MIL- S-6049 

160,  000-180,  OGO  gal 

MIL-fl-  7830 

None 

.0876  Squire  inrheo 
ttjieiifjngcd 


Toctlnij  Machine 
Mntic 

Capacity 


Kv  inn.u 

IS, COO  pound 
1050  i'piu 


Maultuuin  Load 
Sti'ccn 


Average 

Logarithmic  Mann  Life 


14, 016(1 

12 

,  264 tl 

10,  612(1 

1 60*  GUO  jgui 

140, 

000  put 

120,000  pi 

UnpLaeil 

Plated 

0,  100 

29. 600 

H.  600 

91,200 

7,  700 

26,  300 

11, 300 

06.400 

6,400 

22,600 

11.400 

77,  500 

5,  700 

16,000 

13,200 

67,200 

S,  300 

13,  300 

63.  400 

6,640 

21,  540 

11, 130 

46.000 

72.080 

6, 550 

20,  600 

11,000 

70. 400 

Maximum  Load 
Strcoo 


Average 


8.760(1 


_  1011,000  pai  . 

Unplated  Plated 

1.056,300  80,700 

478.400  113,000 

258,300  124,800 

242.400  1  62,300 
219. 700 

450^60  1  0,200 


?S00B(( 

an  /inn 

— -  n/yni 


8,000,000 

8,000,000 


U,O00,000 


Logarithmic  Mean  into 


370,200  116,600 


WADC  TR  50-326 
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MECHANICAL  PROPER  TIES 


Date _ February  26,  1957  For  Chart  No.  _ 24  ,,nd  25 


Bolt  Description 

Type 

Sir.o 

Material 


Stud 

3/U-24 

M1I.-S-6049 


Specimen  I  Specimen  2 

Ultimate  Tcnnllc 
Yield  Strength 


Material  Strength  PSI 


.  25?.  tinge  Specimen 


Tcnollc  Strength 

174.000 

Yield  Strength 

165.000 

t'iloagatltm  -  Vj  lit  4  Diameter 

25?  Ongo  Specimen 

15. 0 

Ucductlon  of  Area  »  % 

252  tinge  Specimen 

51.5 

Shcftr^Styctjjjthj^  llolt  Hotly 

Poundo  ■»  Double  Shear 
PSI 


Fatigue  Strength  -  Bolt  Body 
Cyclea  10%  Low  Load 

Pounds 

PSI  (Mean  Area) 

Lot  No. 


7,  008 
fiO.OOO 

52 


171. 000 
161. 300 


16.0 


54.  5 


WADC  7  R  58-326 
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TENSION  -  TENSION  FATIGUE  TEST  RESULTS 
lOi  Preload  -  Stress  Calculated  es  Tensile  Stress  Ar®» 

Date:  3-29-5? 

Stud 
1/2-20 
5411,-8-6049 

160,000.160, 000  pel 

MII,-B-?038 

Motto 


Holt  Design 
Slr.e 

Material 
Heat  Treatment 
Thread  Form 
Pint* 


Stress  Area 


.1597  Sipiaro  Inchon 


Nut  'Typo  Uiicn.'jngRil 


Stylo 

Material 
lleat  Treatment 

Tonftiv;  Machine 

Made 

Cnpecily 

Uvousc 

60#  QflQ  tn'iuiKl 

Spaed 

050  ,i 

i 

Mav.hin'm  I,oad 

23,959# 

22.3500 

.19,164'/ 

Stveno 

K.OjOOO  p.;! 

140, 000  pot 

120.000  p 

10,900 

20,  VOO 

06, 800 

11.000 

34,  200 

161,900 

15,  200 

37, 200 

229,000 

15,700 

66, 900 

333,000 

is,  ;too 

108,400 

372,  600 

Average 

14,  220 

53,  4B0" 

Ml,  660 

logarithmic  Mean  It  fa 

13,925 

45.  310 

212, 100 

•  Matiltnwn  Load 

t  SlrcsB 

17, 5670 
UO.OOO  ntd 

15,970# 
too.  non  •>«) 

[  '  “  •“  '  ~ 

t 

1 

Average 

368,200 
1,836, 100 
6,500,000  NF 
166,900 
1.107,200 

0.200,000  NF 
8,260,000  NF 

1.995,700 

3, 200, 000 

Logarithmic  Mean  Life 

969,200 

8,200,000 

-  - 

WADC  TH  58-37.6 
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„w  _ _ 

. __  .  . 

..  :  ■  '  t 

__  •  *  -V  . 

■  ' 

■  ■  \  '■ 

-  <* 


Data 


MECHANICAL  PROPERTIES 
May  2.  >957 _ _  For  Chart  No. 


Bolt  Pggcrl£tfon 

Ty{M3 

Slat 

Material 

Bolt  Strength  Pounde 

Ultimate  Tensile 
Yield  Strength 

Mnlot’lal  Steen-tii  PS! 

.  357  f n'ga  Specimen 
Tciii.llo  Strength 
Yield  Strength 

Hlongnllon  ■■  Vj  In  4  Itlmnctor 
.  357  Cip;jo  Specimen 

ncfitict.lon.ol  Avca  -j/j 
.  35V  lingo  Specimen 

Shesv  Strength  -  Holt  Ho<t£ 
Pound*  -  Double  Shear 

im 

PatlHua  Strength  f)  8, 0 00, 0 00 
Cycles  10%  Low  Load 

Foundn 

PSI  (Moan  Areftl _ _ 

Lot  No. 


Stud 

1/2-20 

MI1.-S-6049 


Specimen  1  Specimen  2 


102,000 

172,  500 

163, 000 

165,000 

16.4 

l?.l 

51.0 

50.2 

15,970 

100.000 

00 


26 
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PB*IW4  -  TCIIfion 


TO  ffAILURa 


TENSION  -  TENSION  FAT WV.G  TEST  RESULTS 

lflt  Jtaleaj  *  Stress  C.'lrulatnl  oa  Tanails  Stress  Alti 

Date:  9-19-57 


Doit  Design 
Si*e 

Material 
Heat  Treatment 
Thread  Form 
Plate 

Stress  Area 

Nut  T y>;> 

Style 

Material 

Ile.’t  Trc  itii’ei:? 


Stud 

3/4-16 

MIL-S-6049 

160. 090-  !80i  000  pat 

MU.-B-7A35 

None 

0.  3724  Sijuare  Inches 
Unengaged 


Tooling  7’  •cMtio 

t"  ’!:rj 

Ivy 

Capacity 

f.O.ClM) 

(1 

Speed 

1209  tpiii 

Maximum  J  o id 

59.  5340 

92. 1.160 

.'.'•VOOfl 

169.  000  uci 

149,000  pal 

tfiijUiiteri 

Plated 

6.509 

39.5QO* 

13, 690 

7.100 

49.CQ0 

10, 709 

7. 1C3 

54.  ICO 

24, 100 

7,  3u0 

64, 600 

?**  ^  Art 

ts\J$  hVV 

9.300 

6B.700 

Average 

7.  4?0 

53,  no 

21.  159 

Logarithmic  Mean  Life 

7,302 

52,260 

20, 390 

Maximum  Load 

44. 6331 

40,964# 

37,240#  ‘ 

_  _ _ 

»2o:'ao[LBja 

1 10-009  osi  100.000  Dsi 

UnpUted  Plated 

75.000  82,300 

426,000 

8,000,000  NF 

194,000  ,  96.800 

498.000 

8.000,000  NF 

207,000  111,300 

525, 000 

262,000  151.100 

658.000 

Average 

326,000  _ _ __ 

2J3.60S  110,600 

700,000 

561,400 

8,000,000 

Logarithmic.  Mean  Life 

191,500  107,600 

592, 100 

8,000.000 

WADC  TJR  50-326  HO 


MECHArtiCAi. 

Date  May  17.  >95? 

Belt  PMetlption 

Type 
SIm« 

Material 

HolS  Qse.n3f.-i  PBWlftl 

DlUi.tBEe)  Tcuelto 
Vleld  Strength 

P.lctailalJ.Xt  u^th  t'-'-l 

.503  t'f::."0 

Vc:v  lb  '  ' 

VI'.rltl  f.'{ri  ,i‘) 

;c.!’o:»  ••  Vj  I"  4  Ples.tr.lav 
.  593  U?r,a 

lie::"  of  /5*g.\  ;■  Vj 

.  SOS  flnfjo  C^3C»»;tcrv 

f-?  ~  v  f ; ;  ,’t  .j ;  ? i  ■  •  i ;  •  1 3  Bo d / 

L\r.  -So  “  S.sonv 

/JireHtOh  W  000, 000 
Cycles  IO?t  Jhtiw  1U  xd 

Pound# 

PSJ  (Msaa  Area) 

LotNa. 


PROPERTIES 


For  Chart  No.  _ 27  and  28 


Stud 

3/4-16 

MII.-S-6049 


Specimen  I 

Specimen  2 

165.  COO 
ir.o,  100 

163.500 

150,200 

16. 0 

16.0 

51.0 

50.4 

37.  240 

100,  COO 
77 
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TSNfflON  -  TENSION  FATIGUE  TEST  RESULTS 
10%  Preload  -  Street  Calculated  on  Tensile  Stress  Area 

Date:  12/27/57 


Holt  Design 

Stud 

Stud 

Sis* 

3/4-16 

3/4-16 

Material 

AMS  6322 

AMS  6322 

Heat  Treatment 

160,000-180,000  pal 

160,000-180,000  psl 

Thread  Form 

Cut  UNF  3A 

Ground  MU.-D-7838 

Plate 

None 

None 

Stress  Area 

■  3724  Square  Inchon 

Nut  Typo 

Style 

Mntovinl 
lloat  'i'raaioicnt 

Unengaged 

Unengaged 

Testing  MrcMoo 

Melto 

ley 

lay 

Capacity 

60,000  pound 

60,00ft  pound 

Sporul 

1200  <;prn 

1200  (pin 

Cut  Ti-vciul 

Ground  Tlircnd 

l.'KUl 

37, 2409 

37, 2409 

Stress 

100,000^,1 

100,000  put 

(&.000 

“3 3,000 " 

19.000 

34.000 

29.000 

52,000 

41,000 

50,000 

Load 

29,  792 1> 

29, 7929 

Stress 

80,  Q00  psl 

80,  000  pel 

58,000 

“63.000 

82,000 

98, 000 

97,000 

165,  000 

~!Z4;nBij 

ir$,w§§ - - 

Load 

22,  34M 

22, 344# 

Stress 

60,000  psl 

60,  000  psl 

331,000 

1.300.000NF 

706,000 


m 


v  i  '• 
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MECHANICAL  PROPERTIES 
Dale  December  28,  1957  '  for  Char*  Ns, 


Bolt  Description 

Cut  Thread 

Ground  Thread 

Typo 

Stud 

Stud 

Sice 

3/4-16 

3/4-16 

Material 

M1L-S-6049 

M1L-S-6049 

Bolt  Strength  Pounds 

Specimen  1  Specimen.  ?.  Specimen  1  Specimen  2 

Ultimate  Tensile 
Yiold  Strength 

Mnteriiij  jy*en^lii 
.  805  Gaga  Sydilmen 


|  Te«a61o  Strength 

175.  000 

m.ooo 

166.000 

160.  500 

i  Yield  Strength 

165.000 

161,600 

152.  500 

155,000 

!  Klou'|nUo)i^“  VjJin 

.  500  Gago  Specimen 

13.5 

11,5 

13.5 

14,  0 

Ucductjou  of  Area  -  % 

.  90S  Gage  Specimen 

55.7 

54.1 

50,9 

61.1 

Sh ear  Strength  °  fiojt  Hotly 

Pounds  -  Double  Shear 
PSI 


Fatigue  Streaaih  6  6,000,000 
Cycloo  10%  Low  Load 

Pounds 

PSI  (Mean  Area) 

Lot  No. _  _ _ _ _  -  SZ& -  - si®  - 


144 
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aid 


Tamlon  -  Ttntlon  Tati 


TENSION  -  TENSION  FATIGUE  TEST  RESULTS 


10%  Preload  - 


Bolt  Design 
91 18 

Material 
Heat  Treatment 
Thread  Form 
Plata 

Streea  Area 

Not  Type 

Stylo 

Matoriol 

Heat  Treatment 

Toct3r>3  Mcshlno 
l.la'io 
Capacity 
Spcod 

Msrimon  t?oad 

SsJOOO 


Average 

Logarithmic  Mean  LSfo 

Maximum  Load 
Stress 


Average 

Logarithmic  Mean  Lite 
WADG  TR  58-326 


Streae  Calculated  on  Tensile  Stress  Ares 
Date!  8-29-57 

Stud 

1"-14 

MIL-S-5000 
160,000-180,000  psi 


c  6791  Square  Inchon 

Unengaged 


Amolcr 
220, 000  pouad 
500  cpm 


108,636# 

101, 8550 

95, 0740 

160,  000  p;:5 

150,000  pal 

140, 000  psi 

0,600 

60. 090 

124,000 

13,100 

60. 000 

73, 100 

14,200 

66, 000 

76,800 

19,200 

69,  ODD 

135,000 

22, 300 

96, 000 

151,000 

T3.480 

70, 200 

111,900 

13,900 

69,090 

93,600 

31,492# 

67,910# 

120,000  psi 

100,000  pel 

166,000 

8,000,000  NF 

774,000 

8.000,000  NF 

207,000 

816,000 

$40,000 

380,600 

8,000,000 

306, 300 

8,000,000 

146 


Date 


MECHANICAL  PROPERTIES 
Auguat  29.  1957  For  Chart  No. 


Bolt  Description 

Type 

Sice 

Material 

Bolt  Strength  Pounds 

Ultimate  Termilo 
Yiwld  Strength 


Stud 

t"-14 

MIL-S-5000 


Specimen  1 


Specimen  2 


Mtstcflnl  Strength  PSl 
.  505  Gngo  Specimen 


'fenello  Strength 

Yield  Strength 

179,000 

172,  500 

100,  GOO 
172,  500 

Blongntion  .»  V>  In  6  iMcmetor 

.  505  tlf'go  Specimen 

13.  5 

12.  S 

IleditcHon  oI  Aren  ••  ','j 

.  505  Gage  Specimen 

52.0 

96.3 

Shuar  Strength  »  Dolt  Body 

Pouiido  «  Double  Shonr 

PSI 

Fatigue  Strength  Q  8,000,000 
Cyeloa  lijjUw  Load 

Pound* 

PS1  (Moan  Area) 

67, 910 
100,000 

Lot  No. 

199 

.30 


WADC  TR  53-326 


14? 


APPIiMOJK  I! 

nAV/  PAY A  fc’Oil  220, 000  F3I  PA.ttTfl 


i  a  rv/»  mra  g o 

mny  ji\-70“360 


T«nel«i  -  fa  no  I  on  rotlgue  Tot 

10004  FORM  INTERNAL  WRENCHING  DOLT 


TENSION  -  TENSION  FATIGUE  TEST  RESULTS 


10%  Preload  -  Stress  Calculated  on  Tensile  Stress  Area 

Date:  5.13-58 


Bolt  Design 
Size 

Material 
Heat  Treatment 
Thread  Form 
Plate 


Stress  Area 

Nut  Type 
Stylo 
Material 
Heat  Treatment 

Tootin'!  Machine 
Malic 
Capacity 
Speed 

Maximum  Load 

Stress 


Average 

Logarithmic  Mean  Life 
Maximum  Load 


Average 

Logarithmic  Mean  Life 


MS  20004 
1/4-28 
M1L-S-8S03 
220,000-240,000  psi 
MIL-B-7838 

Cadmium  Plato  por  QQ-P-416 
Typo  I.  Class  C 

.0362  Square  Inches 


i:\vn  22 

AIS1  0630 
He  27-32 


Krouoo 
5, 001)  pound 
1650  cprn 


5.0600 
140, 000  pal 

31. 100 
29,000 

22.300 
18,  500 

14.300 
23,040 


4, 3440 
120,  000  psi 

52, 100 
50,600 
49, 300 
31,400 

457050 


3,6200 
100,000  psi 

842.900 

433.900 
354, 500 

135.900 
83,800 

370,000 


22,140  44,830  271,600 

2,710#  2,534# 

-  — 7 7 ,  OOP  1  MI  li-O/-  -  '  ■  nr,  000  psi 


5,612,100  NF 
5,421,000  NF 
3, 463, 200 
2,451,700 
1,862,500 
3,762,  100 


10,203,300  NF 
10,283,  300  NF 


10,283,300 


3,409,000  10,283,300 


150 
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MECHANICAL  PROPERTIES 


Date  May  Hi  1955 


For  Chart  No. 


Bolt  Description 

MS  20004 
1/4-26 
M1L-S-8503 


Typo 

Stxe 

Material 


Bolt  Strength  Founds 

Ultimate  Tensile 

Yield  Strength 

Specimen  1 
9,300 

7,900 

Specimen  2 
9,350 
8,000 

M nto slcsl  Sir  cijg  tU  PSI 

,113  Gr;jo  Spctlmon 

Ycuolle  Strength 

Yield  Strength 

7,34.000 

190.000 

236.000 

190,000 

Mlon'intlou  ~  S'j  In  4  Dlemcto? 

113  Gogo  Specimen 

16.5 

16.5 

Reduction  o?  Area  >•  Vj_ 

113  Gngo  Specimen 

40,4 

47,2 

Sfcsay  Strength  -  Pol!  Bp4y 

Pounds  -  Iftiublo  ehnar 

PSI 

13,200 

134,400 

14,  270 
145,000 

Fatigue  Strength  Q  0, 000, 000 
Cycle  a  10%  |g»w  Load 

Pounds 

PSI  (Mean  Area) 

2.534 

70,000 

Lot  No. 

279S4149A 

V/ADC  TR  58-326 
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W, 98,009 


TENSION  -  TENSION  FATIGUE  TEST  RESULTS 


10%  Preload  - 


Bolt  Design 
SI  BO 

Material 
Heat  Treatment 
Thread  Form 
Plate 

Stress  Area 

Nut  Typo 
Style 
Material 
Heat  Treat  meat 

Tooting  MncMne 
MeUo 
Capacity 
Speed 

Mavtinum  J.-ond 
Stvooo 


Average 

CogavlthmSc  Moan  Ufa 

Maximum  I.iead 
Stress 


Average 

Logarithmic  Mean  Lifo 


Stress  Calculated  on  Tensile  Stress  Area 

Dale:  8-13-56 

EWB  22-4 
1/4-26 
MIL.-S-7108 
220,008-240,000  pal 
M1L-B-783B 

Cadmium  Fluoborate  per  NAS  672 
.  0362  Square  Inches 


KWN  22 
AMS  6200 
Kc  27-32 


Kronas 
15,000  pound 
1050  cpift 


5,0639 

4,  3449 

3,6200 

140, 000  |) oi 

120,000  pal 

100,000  pot 

39,600 

59,600 

1,837,  100 

29,200 

06,400 

551 . 300 

16,400 

49,  700 

355, 300 

15.  100 

41,  300 

217, 500 

9,100 

22,300 

106.500 

21.400 

95,060 

613,540 

10,660 

43,400 

393,900 

3,258# 

2,896# 

90,000  p»i 

80,  OOP  pel 

1,222,600  - 

9. 74*; 800  NF - 

1,160,900 

9,744,800  NF 

1,085.000 

387,700 

225.000 

816,200 

9,744,800 

669,400 

9,744,800 

WADC  TR  58-326 
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MECHANICAL  PRO PgR  TIES 


Bolt  Description 


Type 

Size 

Material 

Bolt  Strength  Pound » 

Ultimata  Teualle 
Yield  Strength 

Material  Strength  PSi 

.  113  Gago  Specimen 
Tonoila  Strength 
Yield  Strength 

Elongation  °  f/'j  in  0  Olntnctor 
.  113  Gaga  Spocimon 

Reduction  of-  Area.  -  %> 

.  113  Gago  Specimen 

Shear  Strength  -  9oit  Hotly 
Pounds  -  Double  Shear 


Fatigue  Strength  Q  8,000,000 
Cyelao  IOTj  Lc#  Load 

Pounds 

PS!  (Mean  Area) 


Lot  No. 


EWB  22-4 

1/4-2B 

MIL-S-7108 


Specimen  1  Specimen  2 

9,620  9,940 

8,000  8.300 


237,  500  269, 000 

227,500  247,500 

12,  5  12.  5 

32, 0  34, 0 

13,820  13,680 

140,700  139.300 


2,896 
80, 000 

628S9172 


WADC  TR  58-326 


154 


MECHANICAL  PROPERTIES 


Jl  lOCA 


Bolt  Peecrlption 

Type 

Size 

Material 


EWB  22-4 

1/4-ZB 

MlL-S-7106 


Bolt  Strength  Pounds 

Ultimato  Tonallo 

Vield  Strength 

Specimen  i 
9,620 

0,000 

Specimen 

9,940 

8,300 

Material  Strength  PS! 

.  113  Gaga  Specimen 

Tonsils  Strength 

Yield  Strength 

237, 300 
227.500 

249, GO0 
247,  500 

Elongation  -ft  in  <5  Diameter 

.  113  tiaga  Specimen 

12.5 

12.  5 

Reduction  of  Ar^.\  °  ft 

.113  Gaga  Specimen 

32.0 

34.0 

Shear  Strength  -  Holt  tiody 

Pounds  -  Double  Shear 

PSI 

13,820 

140,  700 

13.680 

139.300 

Fatigue  Strength  Q  3.000,000 
Cycles  10?3  Low  Load 

Pounde 

PS!  (Moan  Area) 

2,096 

80,000 

Lot  We. 

620S9172 

154 
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Tension  -  Tension 


TENSION  -  TENSION  FATIGUE  TEST  RESULTS 


10%  Preload  -  Stress  Calculated  on  Tensile  Stress  Area 

Date:  3-28-57 


Bolt  Design 

Sire 

Material 
Heat  Treatment 
Thread  Form 
Plaic 


EWB  22-6 
3/6-24 
MIL-S-7I0B 
220,000-240,000  psi 
MIL- B -76  38 

Cadmium  Fluoboratc  per  NAS  67 i 


Stress  Area 

.  0876  Square  inches 

Nut  Typo 

Style 

KWN  22 

Material 

AMS  62B0 

Heat  Treatment 

lie  27-32 

Testing  Machine 

Make 

Kronoo 

Capacity 

15,000  pound 

Speed 

1050  cpi.i 

Maximum  toad 

10,5129 

0,760#  7,0030 

Stvcoo 

120,000  pol  100,  OOOjjal  110,000  poi 

28, 800 

168.500  439,400 

21,400 

107,300  376,000 

19.  TOO 

98.400  269,800 

18,500 

77,000  214,400 

15,800 

54,100  173,000 

A,vercage 

20,840 

101,060  294,  320 

Logarithmic  Mean  Life 

20,520 

94, 180  277. 500 

Maximum  Load 

6,132# 

5,2560 

Streoe 

70, 000  psi 

60,000  psi 

4,213,000 

0.379.000  NF 

4, 000, 000  NE  8,  379, 000  NF 
1,560,000  NF 

547,600 

547,200 

Average 

2,174,660 

8, 379,000 

Logarithmic  Moan  Life 

1,511,000 

8, 379,000 
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MECHANICAL  PROPERTIES 


Oats  Much  28,  1957 

For  Chart  No. 

Bolt  Description 

Type 

EWB  22-6 

Siea 

3/8-24 

x  4  11/16 

Material 

MIL-S- 

7108 

Bolt  Strength  Pounds 

Specimen  1 

Specimen  2 

Ultimate  Tensile 

23.  300 

22.800 

Yield  Strength 

21,275 

18,000 

Material  Strength  PSI 

252  Cnao  Specimen 

Tcncllo  Strength 

242,300 

242.900 

Ylolil  Strength 

206.  100 

204. 100 

lilongnf  tow  -  V>  In  9  Wrnictpk* 

252  (Jrgo  Specimen 

10.  50 

19.0 

Ucc?.«:!lcjn  of  Aren  -  % 

,252  Or 30  Specimen 

46.0 

47.6 

Shoos  Strength  -  Bolt  Body 

Pounda  ■■  IJoublo  Shonr 

30, 730 

30,900 

PSI 

139,300 

139,900 

Fatigue  Strength  f?  8.  COO,  000 

Cycles  10%  I<ow  lioad 

Pounds 

5,256 

PSI  (Mean  Area) 

60,000 

Lot  No. 

6Z9S9K75 

WADC  TR  58-326 
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TENSION  -  TENSION  FATIGUE  TEST  RESULTS 


10%  Preload  -  Stress  Calculated  on  Tensile  Stress  Area 

Date:  3-IB-57 


Bolt  Design 
Slice 

Material 
Heat  Treatment 
Thread  Form 
Plate 


Sireso  Aren 


MS  20008 
1/2-20 
MIL-S-8303 
220,000-240,000  psl 
MIL-B-7838 

Cadmium  Plato  per  QQ'P-^16 
Type  I,  Glano  C 

0. 1597  Square  Incheo 


Nut  Typo 
Stylo 
Matok'lnl 
Ilc’nt  Treatment 


KWN  22 
A1S1  0630 
110  27-32 


Teetlny  Machine* 
Mtt’to 
Capacity 
Spoctl 


Kvujco 
15,000  pound 
lOuO  Cpi.l 


Mr~ir.ir:m  l/or.rt 
Sircoo 


Average 

I/OgorHiisnie  Mean  life 


19.1640 

15,  9700 

12, 300,9 

120,  000  poi 

ioo,  ooojjsi 

RHL-D 

24,000 

54,800 

747,000 

21,700 

49,  500 

613,000 

10,300 

45,400 

564,500 

16, 500* 

43,  200 

295,803 

13,000 

37,  900 

250.000 

18,700 

46, 160 

499, 240 

10,290 

45,810 

451.300 

Madman  I/oad 
Sire  a  B  . . 


Average 

Logarithmic  Moon  Life 
V/ADG  Til  50=326 


11,1791  9,502# 

70,000  pal _ 60.000  nat  _  _ 

8,000.000  NF  8,020,590  NF 
8,000,000  NF  8,020,500  NF 
2,780,000 
2,393,000 

1,114,400  _ _ 

4,663,500  8.020.500 

3,564,000  8,020,500 
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Mae 

MaliMil 
Heat  Treatment 
thread  Form 
Plata 

Nlraaa  Area 

fli'3  Type 

Ntyl« 

Mh?  ns  4f»l 
Must  Treatment 

!ihj  MnoMno 

MpV.o 

Capacity 

Mftvitmmi  1 :DP.(\ 

f.tS’JiBS 


AVhSfljjH 

i  “jtHVlIhiido  Mwit)  Life 

l.i.ad 

hit  aaa 


A  versus 

M@*n  Ufa 


•  TENSION  FATIGUE  TEST  RESULTS 
Straaa  Calculated  on  Tensile  Stress  Area 


Date:  8-13-56 

EWB  22-8 

1/2-20 

MIL-S-7108 

220,000-240,  000  psl 

MIL-B-7838 

Cadmium  Ftuoborate  per  NAS  672 
•  1597  Square  inches 


F.WN  ?.?. 
AMfi  6280 
Re  27-32 


Uv<>ilB0 
15,000  pound 
1050  cpm 


19,1613 

13, 9V0S 

12,776# 

120,000  ptl 

100, 000  pal 

uo.joaojisi 

34,600 

184,200 

8,794,800 

20,800 

100, 700 

5,405,900 

19.100 

72,500 

2,835,900 

18, 100 

63,000 

202,000 

18,000 

60,000 

221,000 

23,720 

96,080 

3,517,700 

22,160 

87,340 

1, 53d,  O00 

11,179# 
70,  OOP  pal 

5,820, 600 
5,346,800 
4,038.100 
3,223,300 
4,607,200 

4,433,000 


9,582# 


8, 290,200 
8,290,200 


8,290,200 


wfim  hi  esajgft 
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MECHANICAL  PROPERTIES 


Da,e  AuguitH.  1956 _  For  Chart  No. 


35 


Bolt  PeocrlgUon 

Typo 

Sice 

Material 


EWB  22-8  -  MIL-B  Thread 
1/2-20 
MIL-S-7108 


Bolt  Strength  Pounds 

Ultimate  Tensile 
Yield  Strength 

Material  Strength  PSI 

.  357  (logo  Specimen 
Tensile  Strength 
Yield  Strength 

Elongat  Ion  -  %  in  4  IMameter 
.  357  tinge  Specimen 

Reduction  of  Aren  -  % 

.  357  tinge  Specimen 

Shc.tr  Strength  -  Dolt  Body 

Pouiulo  -  l.luubic  Shear 
PSI 

Fatigue  Strength  &_8, 000,  000 
Cycle*  10%Luw  Load 

Pounds 

PSI  (Mean  Areal 


Specimen  I 
41.700 
30, 500 


230,000 

202,000 


11.6 


50.2 


56,900 
239,  700 


Specimen  2 
41,700 
31,500 


239,000 

196,000 


II.  6 


48.  6 


56.200 

286.200 


10,700 

67,000 


Lot  No. 


630S9M94 


WADC  58-326 
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CYCLES  TO  FAILURE 


TENSION  -  TENSION  FATIGUE  TEST  RESULTS 
10%  Pretoad  -  Stress  Calculated  on  Tensile  Sirens  AKea 


Bolt  Delian 
Si  Be 

Material 
Heat  Treatment 
Thread  Form 
Plate 


Date:  7-18-5? 

EWB  22-8 

1/2-20 
MIL-S-7108 
220.000-240.000  psi 
High  Radius 

Cadmium  Fiuoborate  per  NAS  672 


.Stress*  Aren 


0. 1507 


Nut  Type 
Stylo 
Material 
Heat  Trc;U.of,v)t 


l  ;v/n  22 

AMS  6280 
Uc  27-32 


Tool] tty  Machine 


Make 

Ktrouso 

Capacity 

60,  000  pound 

Speed 

850 

epm 

MnMmnrn  Fond 

22.  358# 

19,16m 

15,9703 

Stress 

140,  000  psi 

120,000  psi 

100,000  p&t 

10,000 

82,900 

305,400 

10,500 

93,200 

230,  500 

23. 100 

43,800 

286. 500 

54,100 

202,000 

125.900 

37.800 

121,300 

142.600 

Averflgr 

30.  300 

1CP . 640 

218, 180* 

Logarithmic  Mean  Fife 

27,500 

103,600 

203. 000 

Maximum  Load 

14,383# 

Slreaa 

90,  000  psi 

H,_OOO,'OD0 

8  000,000 

Average 

8,000,000 

Logarithmic  Mean  Life 

8,000,000 

WADC  TH  58-326 
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MECHANICAL  PROPERTIES 

Rate  May  16,  1957 

For  Chart  No. 

36 

Bolt  Deicrlptlon 

Type 

Slr.c 

Material 

EWn  22-8  High  Radius  Thr 
1/2-20 

MII.-S-7108 

Holt  S&ength  I'minds 

Ultimate  Trniiilc 

Yield  Strength 

Specimen  1 
43.000 

30,600 

Specimen  2 
43,000 
30.000 

Material  Strength  PS1 

.  357  (jn go  Specimen 

Tcniilio  Strength 

Yield  Strength 

2  37.  500 

loo.  uoo 

240, 500 

200. 000 

Elongation  -  Vj  i»  3  Diameter 

.  357  (iiigo  Specimen 

II.  6 

11.6 

llei’iiclitm  id  Ar  c;*  ~  % 

.  357  tinge  Specimen 

49.  4 

49.  4 

Shear  Strength  -  Molt  Hotly 

Pound;)  -  IJoubia  Shear 

PM 

56, 900 

289, 700 

56.200 

2(16,200 

Fatigue  Strength  {3  8,000,000 
CycleH-lOfi  Low  l.o ad 

Pounds 

PS1  (Mean  Area) 

14.  373 

90,000 

Lot  No. 

07 

WADC  TR  58-326 
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VrftKrcCHlfsu  HOLTS 


TENSION  -  TENSION  EATP2UE  TEST  RESULTS 


10%  Preload  •  Stress  Calculated  on  Tensile  Stress  Area 

Bate:  11-4-57 


Bolt  Design 
Sice 

Material 
Heat  Treatment 
Thread  Form 
Plate 

Stceno  Area 

Nut  Type 
Style 
Material 
lie M t  Treatment 

Testing  Machine 
Make 
Capacity 
Speed 


EWB  TM  9*9 
i/2-20 

VaacoJet  iOOO 
220.000-240.000  p»i 
High  Radius 
AMS  24.16 

.  1597  Squire  Inchca 


l-’.V/N  TM  9 
AMS  6:iui 
He  27-32 


Ivy 

60,000  pound 
1200  epm 


Maximum  I. end 
.Stress 


Average 

Logarithmic  Mean  Life 

Maximum  Load 
Stress 


Average 


29. 7464 

100,000  psi  I< 

6,  030 
6,000 
7.000 
10.00C 
10.000 
'  7, 800 

7,591 

19.164# 
1ZQ.QOO  pai 

- - 1.141,000 

1, 331,000 
1,545,000 
2,195.000 
2,240,000 
1,690,000 


25,  552# 

22. 350# 

it),  1)00  pal 

140,000  pel 

19,000 

95,000 

23,000 

135,000 

32,000 

164,000 

32, 000 

177,000 

36,000 

292,000 

20,400 

168,600 

27,630 

155,600 

17. 567# 
110,000  pai 

9,136,000““ 

8,746,000 


8,000,000 


Logarithmic  Mean  Life 


1,631,000 


8, 000,  00? 


WADC  TR  58-326 
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MECHANICAL PROPERTIES 


Rate 


July  26,  1957 


For  Chart  No. 


3? 


Bolt  Re  script!  o  n 

EWB  TM  9 
1/2-20  sc  5 
VnseoJct 1000 


Type 

Size 

Material 


Bolt  Strength  Pound  a 

Ultimate  Tenolle 
Yield  HtrciifitU 

Mntcvjal  fit ren'jth  P51 

(iO'jc  Specimen 
Tcnailt!  JJtrcntjtli 
Yield  fiternfjtli 

Klcmjjf'.lton  -  ft  In  4  tllhmeter 
Specimen 

Uci‘m:ti<m  of  Area  ft 
Gn/je  Specimen 

Shear  Strength  -  Bolt  Undy 

Pounda  Rouble  Shear 
P.51 

Fatigue  Strength  fi  8, 0Q0,  OQQ 
Cycles  10%_Low  Load 

Pounds 

PSI  (Mean  Area) 


Lot  No. 


Specimen  1 
'll.  BOO 
31.500 


255,000 

.'05.000 


12.1 


Specimen  2 
40.000 
30,000 


235, 000 

200,000 


11.4 


31.  3  32.  3 


17,56/ 
110,  CCG 

207 


WADC  TR  58-326 
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19,049,909 


TENSION  -  TEN&ON  FATIGUE  TEST  RESULTS 


10*  Preload 


Dolt  Design 
Slr.e 

Muterlal 
Heat  Treatment 
i'lirend  Form 
Plato 

target)  Area 

Nut  Type 
Style 
Material 
Heat  Treatment 

Tenting  Machine 
Metro 
Cnpncily 
Speed 

MaMmum  Load 
Strewn 


Average 

logarithmic  Mean  Life 
Maximum  Load 

Strewn 


Average 

Logarithmic  Mean  Life 


Stresf)  Calculated  on  Tensile  Stress  Area 

Date:  4-1-57 

EWB  22-12 
3/4-16 
MII.-S-7108 
220,000-2.40,000  pel 
MIL-n-78J0* 

Cadmium  Ktuohoratc  per  NAS  672 
.  3724  Square  ineften 


KWN  22 
AMS  6200 
lie  2.7-32 


Krou'jo 
60, 000  pniind 
050  cpm 


44* 

6H8# 

37, 

240# 

29.792# 

120,000  pat 

100,000  pal 

80,000  pel 

4, 

400. 

15. 

100 

74,600 

(>. 

COO 

16, 

100 

120,000 

7. 

100 

19. 

700 

163,400 

7. 

700 

20. 

ODO 

205,200 

8. 

6. 

90CL 

980 

21. 

18. 

300 

440 

213.400 
157, 100 

6, 

800 

18, 

280 

127,  100 

22, 344$ 

IB. 620# 

60*  000  pal 

50,000  pel 

— 

— 

401. 

300'  “ 

—  8.143, 

200  NF - 

547, 

500 

8.143, 

200  NF 

2. 

321, 

BOO 

7. 

398, 

900 

8, 

194. 

300 

3, 

772, 

800 

8.143. 

200 

1. 

987, 

000 

8,143, 

200 

V/ADC  TO  58-326 
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MECHANICAL  PROPERTIES 


Date  _ April  1,  1957 


Eos  Chart  Ns. 


Bolt  Description 

Type 

Slr.o 

Material 

Hoi  t_. Strength  Poimds 


Uilf mate  Tensile 
Yield  Strength 

M  itcvl.il  .‘jtvciifjlh  I’M 

,50'i  tinge  Specimen 
Tensile  Strength 
Yield  Strength 

Elongation  -  f’j  III  d  Hioiiictev 

.  505  Gage  Spec  »r«n  n 

Reduction  of  A  yea  -  V-* 

.  50‘j  Gago  Spec imcn 

Shear  Strength  -  Bolt  Hedy 

Pound b  ~  Double  Shear 
PS1 

Eatigue  Strength  8,000,000 
Cycloa 10%  Low  Load 

Pound  a _ _ 

PSl  (Mean  Area) 

Lot  No. 


KWB  22-12  MIL-11  Thread 

3/4-16 

MIL-S-7108 


Specimen  1 
96.000 
70, 100 


240,  000 
107.  500 


12.5 


48.6 


126,000 

142,900 


Specimen  Z 
96.  100 
70.  100 


231.000 
191 . 260 


12.  !> 


49.  0 


127,  000 
144.  100 


an. ana 

56,000 

65 
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TENSION  -  TENSION  FATIGUE  TEST  RESULTS 


10%  Preload 


Bolt  Design 
Slu 

Material 
Heat  Treatment 
Thread  Form 
Plate 

Street)  Area 

Nut  Type 
Stylo 
Material 
Meat  Treatment 

Tcfdlng  MitMne 
Make 
C.ipn  tty 
Spaed 

Maximum  .nail 
Straps 


Average 

Logarithmic  Mean  l  ife 

Maximum  Load 
Stress 


Average 

Logarithmic  Mean  Life 


Stress  Calculated  on  Tensile  Stress  Area 

Date:  4-25-57 

EWB  22-12 
3/4-16 
UIL-S-7108 
220,000-240,000  psi 
High  Radius 

Cadmium  Fluobnmtc  per  NAS  672 
,  3724  .Squire  inches 


KWH  22. 
AMS  6200 
Ur  27-32. 


Krr.iiee 
60,000  pound 
050  cpm 


1.16# 

44,609# 

37,240# 

140,000  ini 

-  «  - 

120,000  p 

•  00,000  p:-l 

14, 

ooo 

25, 

100 

70, 400 

14. 

too 

30. 

100 

76,  f.00 

19. 

<300 

43. 

200 

02,700 

2*. 

100 

54, 

300 

91.700 

22.380 

?6, 

*80 

103,400 

10, 

330 

45. 

600 

04,960 

13. 

050 

42. 

260 

83,800 

33,516# 

29.792# 

90,000  psi 

60,000  put 

Z,  332, 

300 

B, 

072 

,400  NF 

2,637, 

000 

B. 

451 

,200  NF 

3.500, 

000  i 

NF 

0, 

194 

,300  NF 

4.837. 

500 

9.000, 

ooo ; 

NF 

4,261. 

560 

8. 

506 

,000“ 

3.838. 

ooo 

8. 

506 

,000 

WADC  TP.  59-W6 
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MECHANICAL  PROPERTIES 


Dite  Aprlt25,  1997  For  Chart  No.  .  39 


Bolt  Dwatptlon 

Type 

Slice 

Material 


EWB  22-12  High  Radiua 

3/4-16 

Mil. -5-7100 


Bolt  Strength  Pounds^ 


Ultimate  Tcrjulto 
VlrM  strength 

Material  Strength  1*51 

.  505  tinge  Specimen 
Tensile  Strength 
Yield  Slvcngth 


Specimen  I  Specimen  ?. 
97,200  91,200 

67,000  70.000 


211,000  232,300 

197,000  190.000 


F  troys"  ten  •  %  in  4  inter 


.505  tlr.'jo  f’psrimcn  13.2 

u<’i:  rr;t(nri  <if  Afo;v  -  *ti 

.505  tJsge  Specimen  51.0 

hhcnv  litrctylli  »  Holt  Hcifty 

Pmwdir -r  Double  Shear  123,000 

Pfil  139, 500 


19.  0 


50.4 


125,000 

141,300 


Fatigue  Strength  fl  0,  000,  000 
Cycle#  10%  Low  Load 

Pound a  29,792 

_ Pol  {Mean  Areal _ _ 60,000 


Ixit  No. 


86 


V/ADC  TR  58-326 
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TKNSION  -  TKNSION  I  A  l  lCiUK  TKST  RKSU1.TS 


107a  I’rolo.iil 

•  Stress  (!  il(  ul  »trrl  on  Tensile  Stress  Area 

D.itc:  12-13- 

47 

Dull  Dt'ftijjn 

KWH  22-16 

Size 

1-14 

M.itvrl.tl 

MII.-S-7S0H 

III'  it  TriMUm.'iil 

220.000-240.000  pm 

Tlirc.td  Korm 

Mil  -H-78  38 

I'l.iii* 

i'.nliimim  3  tuul.tir.ile 

per  NAS  672 

Stri-ss 

O.  (.7010  Kijit.fr  im  ht- 

» 

Nut  lyt'i- 

Myl.- 

t.V.N  22 

M  i  »l 

.MS  62HO 

Ilr.»l  itVithiii  lit 

U.  27  12 

4'rutinii  Mat  iiiisr 

Mike 

, . hiotrr 

r»j  *.ity 

.'.20.  000  | xl 

S|*»  ♦  (I 

MI0  .  I'l.i 

M  t  (Mil 

r>,  ovofi 

01.472# 

67,  VII 0# 

Mres  o 

140,000 

:ii  I/O,  iJUO  jui.\ 

100. 00"  J.'iii 

t>,  zoo 

22.  300 

llri,  .100 

11.  BOO 

22,  !iOO 

166,  700 

9.  300 

27,000 

00,200 

V,  BOG 

27,700 

170,000 

10.200 

37.  300 

.300,000 

Average 

h.hV.o 

27,  360 

167,440 

Mean  laft? 

it.  731 

26.070 

164,400 

Maximum  l/ti-ii) 

(.1,110# 

54.  328# 

Stress 

00.000  l»0t 

80,  000  piti 

870,  300 

8,  134,000 

1.  121,000 
l.  523,200 
2.215.500 

3.  706.000 

8,032,000 

A v" rage 

1.809.000 

a.ooo.oo'b 

Logarithmic  Mean  J#Ue 

1.643,000 

8,000.000 
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MECHANIC  A!.  PROPERTIES 


5tev*^*f8;  1957 


Kur  Chart  Nu. 


40 


Holt  ITpiOlption 

Type 

Sir.e 

Material 

Itoit  Strength  Ptunuln 
Ultimate  TVttoile 

VleJtl  strniRtli 

Material  .‘ilvrnglh  1  *•  ■  1 

.  •  0ft  SjeechtH  i» 

j'ciu.  IK*  Strength 
VieM  fit*Tli;[ti» 

J  l"n -  Viln  4  l>i;> iiiij:  r 

,  '.OS  t'iejjf  SjieiiiiiU  n 

Hi  tl*«i»  (><  Area  *  V*. 

,  *405  tisjjp  SjieeMocn 

Vht'/tf  Slren^lh  -  Molt  Ilody 

thmmla  ••  IKn*>l<-  Shear 
I'M 

Fatigue  Strength  8^00 0,000 
Cycle#  10%  Low  Load 


KWH  2Z  16 
I  -14 

MIL-S-7108 


Speelnn'ii  I 

165,  000 
126,000 


243. OnO 

,'.00,000 


I'i.  U 


40.  It 


gov.  000 

I ti.HUO 


HpriTinrn  ?. 
165,  00t> 
126,  000 


/JO, 000 
m\,  000 


IS,  6'i 


47-2 


207, 500 

I  JMoa 


PSI  (Mean  Arcft) 


<14.  32fl 
BO,  000 


Lot  No. 


77BS9SI31 
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1/4-Zfl  8T«jn 


i9.wo,»e 


TENSION  -  TENSION  FATIGUE  TEST  RESULTS 


10%  Preload  -  Stress  Calculated  on  Tensile  Stress  Area 


Date:  6-12-57 


Holt  Ueslgn 

Stud 

Sire 

1/4-28 

Material 

MH.-S 

-850J 

Heat  Treatment 

220,000-240,000  pat 

Thread  form 

MIL-11 

-78.18 

Plate 

Nuue 

KtrouH 

,  0362 

Intiavf*  inrh^H 

Nut  Type 

Illli  hii<" 

Style 

Material 

Hi  nt  ’ll'cMnirllt 

Totting  M  if  him1 

Mu'-ir 

tiiuuse 

Ci>;'  ut  t y 

IS,  000 

pm'id 

1 6 SO  cf 

■iu 

M  'Mi.mi  T_».u! 

6,  516# 

0.  7929 

SlroRn 

tH(i,  IMIO  put 

100,000  ji>.l 

140,000  pol 

9,000 

29.  SOO 

.101, 300 

10,00(1 

91.300 

til  1.  500 

y.ooo 

20.700 

244,200 

?,f!00 

51,200 

2S3.  500 

12.000 

M,  400 

S3S, 600 

Averajje 

9.201 

V/,«d 

‘sdiTtod 

Logarithmic  Mean  Mf*; 

9.201 

SI ,  OfcO 

2R4.90O 

Maximum  J,«sd 

Slrctm 

4, 344# 

120,  000  jiat 

3,982# 

110,  000  ^si 

», 301,900 
1,701.600 
2,618,800 

3, 173.000 
8,900,000 

8,123,000  NF 
8.123,000  NF 

Average 

3, 538. 400 

8,123,000 

Logarithmic  Mean  Life 

2,772,000 

8,123,000 
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MECHANICAL  PROPERTIES 


Date  June  10,  1957 


For  Chart  No.  _ 41 


Holt  Deacrlpllon 


Type 

Sire 

Material 


Stud 

1/4-20 

MI1.-S-8503 


Holt  Strength  Pound* 

Ultimate  Tciiiitlo 
Yield  !>l»  rn^lh 

Strril^til  I’.'.l 

.113  fin-io  :  liitf/A 

Yr  i  ye  i  to  tdy‘<  il  ;th 
Yield  ?.trrntith 

I- ..  ill  <5  |>i>  I.irt.-y 
.M3  i  ii’;  ;(i  .  tmrn 

Urd  u  lifji  ill  rtrea  ■■  *!i 


ID  I  In:; p  .Spvrliiirit 

Shear  f'.trtngth  -  Molt  Mody 

pcrumin  "  IrCniole  filiesr 
I'M 


ilpri  liiicn  I  fljiri  tmrii  ?. 


/  If,,  liU()  /..V7.MJ0 

222.000  7. 1'*.  OOP 


II.  '.i 


II.  'i 


<54.  i  <i?.  v 


Fatigue  .Strength  (1  0,000,001) 
Cyc|e»  lO%  Low  Load 


Pound*  3.982 

PU  ittean  ArciA  110*000 

Lot  No.  1?3 
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2?.0. OOO-?«0.OOO  » 


WABC  TP.  SE.22C. 


TENSION  -  TENSION  FATIGUE  TEST  BKSULTS 


10%  Preload  -  Stress  Calculated  on  Tensile  Stress  Arc* 

Date:  6-10-57 


Bolt  Dciign 
Sire 

Material 
lleat  Treatment 
Thread  To nn 
Plate 


Stud 

1/4-28 

MIL-S-7T0B 

220,  000-240.000  psi 

MU.-H-783B 

None 


Stress  Area 


.0362  ikpuro  inches 


Not  Type  t(,i 

Muokf.il 
Ilfjt  I  »•!(’.  lit 


trsling  M-««. 


M  ,k<- 

Hroosr 

t  \i|'  •%%  ily 

11.000 

10M)  .  j. 

lit 

616# 

5,  792# 

I.OOttS 

St  SC  HO 

100,000  Jt.ts 

160.  non  i.:.i 

1<10, 000  |) 

Ihiyi-Ucd  i'f'ted 

16.  <100 

011,500  12,100 

563,200 

12. 100 

30,100  It,  800 

463,900 

11. COO 

.33,700  16,300 

460,000 

0.  100 

32,100  22.700 

426,000 

fe.  400 

31,900 

104,  ICO 

Average 

10,020 

37.260  16,230 

403.200 

Irfjgsr Htiinlr:  Meant  J  ife 

10,  360 

36, 6HO  15,770 

350,900 

Minimum  Load 

4. 7068 

4, 3448 

Stress 

130,000  put 

120,000  pst 

l/nDljtcd 

Plated 

309,600 

9.  115,900  NT 

30.300 

4,470,000 

9.  115,900  NT 

89,900 

767.500 

133,700 

4,981,000 

160,200 

1,823,000 

Average 

Z,  492,  ZOO 

9,  115. 900  " 

104,780 

Logarithmic  Mean  Li.e 

1,642,000 

9.  115.900 

88,200 
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MECHANICAL  PROPERTIES 


Date  March  14.  1957 


For  Chart  No.  42 


Holt  neacrlpllon 


Typo 

Slr.p 

Material 


Hoi t  S Irenglh  Poo min 


Ultimata  Tctiallc 

Yield  .'jtrenjjHe 

Material  liter iistth  I'M 

.Jit  tipc^o  Specimen 
Vr  itr-l!c  Htrr  04th 
Yield  Strength 

Kt'XijjPHoii  r?j  i>t  4  Ibemel'T 

.  >1  l  tiP;}<’  Specimen 

lirtl'ti.  tiun  at  pits  •  % 

.113  tinge  ijjjc c liitrii 

Mienr  Strength  *  llolt  Hcu’y 

I’uuruls  -  Double  Shear 
FSI 

Fatigue  Slrenglh  ( )  8,  000,  000 
Cycle*  10%  J,f»w  Load 

Pounds 

- vin  tMean  Areai - 

Lot  No. 


Stud 

1/4-28 

MIL-S~7H0ft 


Specimen  I  Specimen  7 


227.300  7  31.70.0 

207,100  7.07,7110 


II.  5  !2.  ! 


52.1  53.0 


4.344 

1 20,  OUd 

75 


V/ADC  TR  5B-326 
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Ti?pa6  t'on.i  |jrr  Mil. 


TENSION  -  TENSION  FATIGUE  TEST  RESUETS 


10%  Preload  -  Stress  Calculated  en  Tensile  Stress  Area 

Date:  2*26-57 


Bolt  Design 

Sire 

Material 
Heat  Treatment, 
'thread  Form 
Plate 

Strcee  Area 

Not  Type 
Style 
Material 
Neat  treatment 


Stud 
I/O- 2d 

JAIL -S-7 108 

220, 200-240. QUO  (>*t 

MI1.-U-7B1B 

None 

.  0H'/6  S(t«'«re  itn  lifts 
t*iinaga(teit 


Testing  Mtclimr 


1 5  A.» 

Kvi 

(ay  u  ity 

1-5, 

00(1  p.n-mt 

J -i  t  ::rci 

to1 

O  <  pm 

M  lwliiii'iii  t  --ail 

l'>,  V(H# 

14. 016* 

£2,2(11* 

•'  ll  CBft 

ItiO.OOO  If, 0, COD  pot  14(7,000 

pat 

Ifitpl  tied 

1‘lstrd 

15.  COD 

2a. ooo 

'  01,000* 

20.  300 

11,  l<!0 

11,488 

HO,  VuO 

24. 200 

10.200 

11,400 

74,  700 

26.  30(7 

9,  fiOO 

10,000 

61.  101) 

27, 100 

6,509 

9,600 

is,  400 

4*,Afltl 

Average 

10,520 

12.480 

66,480 

26,  310 

l.ogar ithmte  Mean  J  ife 

10.  160 

12.010 

62,560 

25.860 

M  isiianiit  Load 

10 

,  612# 

8.760(7 

Stress 

I20p 

ooo  gsrt 

iu5, 59§  yvi 

U'nplatrd 

Plate 

i7 136,900 

69,800 

8.067.300 

1.375,000 

97.400 

8.067,300 

402. 300 

128.300 

307,400 

172,100 

286,400 

Average 

YTibi.ooo 

116,900 

8.067,300 

Logarithmic  Mean  Life 

686,800 

110,700 

0,067,300 
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MECHANICAL  PROPERTIES 


Pate 


February  26,1957 


Far  Chart  No, 


44 


Bolt  Description 

Type 

Site 

Meteelal 

StVr_ltJ^lh)P<n>nrtn 

tllthiissie  VphsiIi.* 

■  Ylf'irt  Strength 

MMcrJnl  fltventjlti  l*S| 

,  <51*  tiftfte  Specimen 
Trnollc  Stvrnjtth 
Yii'lrt  .'jllTitylb 

|''tnn,>fttl(.n  -  'It  In  4  Uinmrtor 

Hertuctiun  <>l  Aren  -  'f> 

.257  Oi'Kt*  Spaclmen 

Sht  ar  .‘itreu^Ui  Holt  Thirty 

Putmtlfti  -  Double  Shear 
PSJ 


Sturt 

3/0-24 

M1L-S-7I0B 


Specimen  I 


i>2 7,  OitO 
I’M  ,  tOU 


13.  0 


53.  $ 


Specimen  2 


224,00(1 
197.  r«U» 


13.  0 


55.  O 


|r'.«ti||ii'*  Strength  ( <  Hi  009.  000 

Cy«~hio  joi£ 

_ Pmmda _ _ - _ 8.  760 _ 

PST  (Mean  Area}  100,000 

Lot  No.  53 

# 
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wa'Wfli 


TENSION  -  TENSION  KATiOUK  TEST  RESULTS 


10'j4  Preload 

-  Stress  Calculated  on 

Tensile  Stress 

Area 

D.iie:  !9*26-57 

Ilolt  Design 

SlBC 

Material 

Heat  Treatment 
Threat!  form 

I’l.ile 

Stud 

1/2-20 

M11.-S-7I0B 
220,000-2-10.000  jmi 
MU,-B-7838 

None 

Stress  Area 

.  1507  ! 

ft...  iy.; .. 

•Style 

M  tteiTal 

Heat  Treatment 

iY  filing  Machine 

M  the 

Cap  vi.lty 

Speed 

Ky 

(.0.01)0  pound 

1200  i  pm 

Ma»*tii;nit  J-Oatl 

Stress 

2ll.  740* 

1110.000  }iwl 

2  5,  0520 

|t,0,(H)0  lint 

22,  350» 
140.000  p» 

Avcrane 

u  .2(111 
lo.oeo 

10.900 

H'QUQ 

i:t.  ooo 

10,' 900 

25.200 

27.  (.00 

34,000 

41.000 

41.000 

>3,920 

74,000 
70,000 
79,100 
00,500 
95.  300 
80,900 

logarithmic  Mean  lafo 

10,910 

IT,  200 

00.  05? 

M'lHirnum  JLo.itl 
iiteaaa 

20,761(3 
130,000  put 

19.  164(3 
1205000^  BSi 

122, 0C0 
126,000 
196,000 
208,000 
270,000 

8,431,000 

8,306,000 

8,640,000 

Average 

184, 400 

8, odd. ooo 

logarithmic  Mean  Life 

176,  SCO 

8,000,000 
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MECHANICAL  PROPERTIES 

Date  _ _  May  B,  1957 _ _  for  Chert  No. 


Type 

Step 

Material 

Holt  Strength  Pournla 


Ultimate  Tensile 
Ytrld  Strength 

MatorlAl  .Strength  I'Sl 

y.i't  tinge  Sjicclrncn 
I  ruDilo  Strength 
Vlrlil  Strength 

Klmigntltn)  ••  1j  SujS  Mimneter 
.  367  ( iiljiC  SpettMIOH 
Hr  line  Hun  oiyieen  •  Vj 
.  3D7  lingo  .Specimen 
fiheav  -  Holt  Study 

Hounds  ~  Ihmblo  Shear 

I’S! 

Fatigue  Strength  Q_  A.  QQO»  OOP 
Cycles  10 7a  ?.ow  Load 

Hounds 

-  PSTTMtiaii"  Are  aT - 

Lot  No. 


Stud 

l/Z-20  MIL- 
MII.-S-710H 


SptT.iiurfi  1 


232,  000 

,*oo.  onu 


11.6 


4  V.  0 


H.  164 

~tzv7vm} - 

Bl 


45 


Thread 


Specimen  2 


z.to.noo 

20f>,  bob 


io.  r« 


46. 1 
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TENSION  -  TENSION  FATIGUE  T&ST  RESULTS 


10%  Preload  *  Stress  Calculated  on  TcsialJe  Stress  Area 

Mate:  .  _ 


Holt  Design 

SI  EC 

Material 
Heat  Treatment 
Thread  Form 
Plate 


Stud 
1/2-20 
MIL-S-7I0B 
220,000»2«0,000  pal 
High  UadUjo 
N'tmr 


Sirens  Area  »-  *r>97  Square  Inches 

Nut  Type 
Style 

Materiel 
(leal  Trenltueut 


Testing  Mni'Mne 
Mufce 
f  ‘ni'.tf tty 
S(ic i  it 


lv  r 

7>f*.  iioo 
l/'t'O  c.i-M 


Maximum  land 
Stress 


Average 


m.ovop 
20(1,  min  j>ss 

5,  !>00 
0.700 
9.700 
10, 100 
11.200 
'  9,  020 


211.  M«J  f> 
000  j'H*, 

19.000 
2(1.000 
It,  ton 
4  7.  :iuo 

♦u.  mm 

41.740 


2*>,  D',-2^ 
160.0.00  t.s) 

40. 700 

41.000 
54.500 
7,0.  ‘>00 
64,200 
S3  ,  MO 


l.fiffayitnrrmt  Mean  Jaic 

Maximum  l^o.nd 
Stress 


Average 

Tajsarithniir  Mean  Mfo 


22,358# 
140.000  pel 

03.400. 
165,  300 
251.600 
348.000 
576,000 

286.900 

238.900 


4 *  MA tk~  *  *  TT<» 

19,164* 

120,  000  psi 

a.soQ.eoo  NF 

3.315.7(H)  8.290.000  NF 


'OSMlOO  8.350.000 


20.  761  p 
130,000  pal 


i  3Hf,  nun 
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mechanical  properties 


Date  _  _ _ Majr  H.  1957 

Holt  Pentrlfllan 

Tyjie 

.Sire 

M.ilerinl 

ltn.H  .strength  lYumd* 

UftiitiAlc  itfisMo 
Yirtd  ,Slrninlh 

Mil f  y  !,•  1  Mr*  iiiitii 

.  A‘>V  •’>!'?•»  M*nfn 

i<  n(*t  f*? 

YSi’M  Slrc-ttyth 

i*u*  V,»  in  ■}  lli :vi  ni.lt  v 
.  i‘>7  hiirn 

KciUii  tii’ii  <•<  Ai  t'.')  V» 

.  ifYi  <  iaijt: 

.Sfii-ii-  Strength  •»  Mnll  l4ody 

Founds  -  ifauble  Sliear 
I’M 

Eatlni'.o  Strength  8,000,009 
Cycle*  Jj<ow  Load 


Eos?  Chari  No.  47 


Mud 

I/2-Z9  High  Kaillut 
MIL-5-7108 


liynHtiirn  I  Mportiurn  l. 


ZSi't.O-Ott  >  -OJ.iOO 

ZOO.OMI  ZOO.floG 


».(>  1(1.5 


4V.0  Of..  I 


19.164 


Pound* 

leer  iw^. 


Lot  No. 


82 
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T«**ion  -  T»n«lpr>  r«U*u«  T«*i 


TENSION  -  -TENSION  r\T|UQKT^TjU^Uj;H 
IO»f*relo«l  -  Str«'8H  Colt  ul.t.  U  «.  Tony.lc  Strean  .\w» 


l.t.itc:  12  -17- 

Hill! 

Sire 

MiiterMl 

He.it  TtMlinrnl 

1  lire  ill  Enr«i> 

I’liiie 

Si  ml 

1/2-21) 

y.isi  ujet  iooo 

2, !0,  01)0  -240,000  |IM 
llii;li  Hulmii 

N'.n*' 

.Sire**  Arc 

.  |  ij7  V  Siju  if  li" 

Nut  *  >  j-r 

Nun*- 

Ml'Ii 

M  .ti  n  .1 

JJi  ,||  »  I'.'  itlU- 

J  f  1,1 1  r  iv:  M«*  h,r|t< 
M-.»  « 

*  *j>  »l> 

M  ^  “  "1 

Mf  r!*?‘ 


.*.v<*rc 


M  ,k»*ivu««»  i*<’ 
Sire 


Avcr-ifit 

l.nltdrithmir  M«-,m  l-ife 


i'  > 

(,l|,  (‘Oil 
1,'illt  .  J.m 


,'ii,  M'. 11 

t "0,  MH>  )■..> 

I  ',.0<>0 
I '1, 000 
i;»«.  tifHi 
iM.OOO 

*il>u 


1 1. 1'tt 


|  Ml,  II II 0  (.»! 

V.'.OUIJ 
-  liu.duu 

JOIt,  000 
14^.000 

id  t.ouo 

1 1  7.000 
I  10,  0110 


,» I,  IJ'.I.l' 
)>)l|l  J  0> 

'11(4 ,00O 
!I},f«lo 
I'l/'.tKl" 
O0l> 

I .  JMMlOO 

v/iV6ud 

J7(>,  00U 


l*,  i'lllA 

liil  ililli  «.UI 
»  '  Jl  ■  - 

IK7,00O 
- fin  ,  TfiS — - 

| ,  |l(4.  100 
*,?!2I,«00 
■j  <(.1.000 
I .  It/I,  000 

l,2H7,000 


<10.  VC. I# 
13U.00U  Pair 

JB.  *>?.!.  000  ME 

w.  A14  l»(U> 


fi.  I IV,  000  Nt 

~Ooc).ouo 

8,000,000 


VI  MIC  TU  0U-  120 
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MECHANICAL  PROPERTIES 

D*to  December  28,  195?  _  For  Chart  No.  48 


Bolt  Description 
Sice 

Material 

Molt  Slrentth  Pound* 

Ullitihlo  Too » 1 1  <.• 

VirH't  Sirefigth 

M  i  I  or  I  a  I',  hi  rriiylti  l‘,r*l 

«  SV/  C-ftt^O 

Veoafttr*  J>Urr»K^» 

Yield  SiivetifttU 

*•  %  i it  4  Ml'nrnctPt 

.  VvV  Spsi- 'iiiioii 

Ueiluillon  of  rtre.t  ••  Vj 

.  ,V»V  f»,i {jt*  Sp otlt.um 

Shear  Strength  -  Bolt  Btxly 

Pmnulu  a  ffmthlft  ?.![>'*'* ,■ 

P*f  ’■  ”*  ’  ’■* 

Fat lljjite  Strength  8,  €00.  000 

Cycle*  10%  Cow  Load 

l*o  und* 

I’SI  (J.lEan  Area) 
hot  Ho. 


Sturt 

1/2-20 

VaecoJil  1000 


Specimen  )  Spot  linen  'f. 


218.  3M»  H  tfl,  >;<I0 

I9h.  HI 8 


I2.fi  12.0 


-88.9  rtf,,  tj; 


20.  .',71 
130.000 


529 
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Specimen  3 


2  V>,  Hill 
2 OH. 100 


IH.tl 


rtU.ft 


(too 


TENSION  -  TENSION  FATXOUK  TEST  HBSULTS 
10%  f’relo.til  -  Stress  tiilcut.ited  cm  Tensile  Stress  Area 

ll.itc:  5-2B-57 


Dolt  Design 

Sir.e 

M.iterl»l 

Itrut  'I'ri'.iliiiphl 

Thnsirt  Etirtii 

I'l.itc 

Steps#  Arq-c 

Nut  Typp 
Sty  Ip 

Miiti-ri.il 
Jlrut  7  vf'.ituu'iit 


Stud 

374- U- 

MII.-S-710H 

220.00U-240.000  put 

M1I.-D-703B 

None 

.  3724  S'(|\i >ru  Ini  tip# 
Uiivr»H-»Ur<l 


M.jhft 

Aiiirtl'-r 

tSij-trtty 

DUO 

t »,  1  ts,  111 

Spri  it 

Still  t  pin 

M  1  ti it lllliil  I  f  sit 

74.  C'lOf) 

67,0  32  H 

VJ. 

6’l4e 

Siren n 

2tt0+gou  pm 

pn* 

160.  000  p:.i 

UripJ.it;:  tl 

ri.tii-it 

0.600 

20.  *|00 

64.900 

20,  200 

10.400 

31,  r't)0 

so,  (too 

2 ».  ten 

“.  600 

16,  400 

40. 600 

2  3.  7:00 

to,  500 

12.  000 

96.  200 

26, 000 

io.  sea 

»tf  tan 

i42f  fOO 

?b.  y/m 

Avcr.lflO  : 

10,020 

29.  740 

72,1.00 

24. 200 

1  Mem  J.»f» 

0,970 

29, 200 

1.9,040 

24. 140 

MiKiiiitu.il.tml  42, 1 36ft  44,(-8Hi* 


Sinn# 

140,  000  pel 

Undated  Tl.iti-d 

V2(jt  000  jio» 

1.175,900 

521,200 

172,000 

444.000 

023.100 

40.900 

57,200 

63.  100 

90.  400 

0.046, OUO  NF 

U,  046.000  UP 

Average 

627.220 

62.900 

H, 046.000 

l.ogjrithinu;  Ml-  .n  Uft- 

621,400 

60,440 

H. 046, 000 

WADC  TH  50-326 
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*,  ■> . 

,  <‘l4M 

»  i<iu. 

00t>  j’  -r  t 

t  Ml 

VJ.it' -si 

ACMitm 

i!  t,  Mill 

4  J.400 

2  ♦.  MM! 

Vs  >.200 

■W.llOO 

ft  s',  f  09 

2W.  7nA 

v,.:.K W 

Z4..0JII 

1^,040 

24.  Mil 

44,  J-BBft 

(  20,  OUO  |)0I 

0 , 0.46.0041  NS 

0  ,046.000  NF 

is '  oi^Tooo 


H  t  046.000 


3>*te 


M  KC1MN1C  A  L  PROPER TIh'S 


May  28,  1957 


For  Chari  No. 


ftoU  lip  Me  f  ip  Hog 
T>r|»o 

S»RC 

Material 

M  i>  It  S  t  r  i -Mglh  I  *p  u  ml  a 

VH'M  J*'|m»]jlh 

Milena!  ^ir'i‘«i|i>ifi  l*>| 

,  Ml'»  I  J.j-i  •  »j*k  n 
*  I.IIMIi1  i-l*l  Of:  ill 

V  •i.'I'l  » 

*  ■•  r.*j,  1 1>  4  Mi.iirn't'  V 

.  '•tJ1i  f'f.ljrc  S|.i’. 
ftedi!*  th»n  i.r  A v  «’*■»  •>  '.'} 

.‘■OS 

Mir^r  ^Strength  ■•  Volt 

lAjnnde  -  Doubta  $hr«F 

r.*u 

Fat  I  rr itjjth  f  1  ft,  0 00 ,  00 0 

<-y<  lew  I0y»  >:OW 

Vtuncle 

l‘Sl  (Mciii>  Aifii) 


Jitutl 

S/4-16  Mlt*»ll  Ihrrad 

Ml  l.-S»7ICift 


*l*Jiei  Itainn  t  *.jirt  iinrit  t. 


i!M»f00O  ,\.M,  Mill 

2j»O,D0ft 


u.tt  r.,t» 


VK  *  4  SI 


44.  6(l» 
1Z0.  ooo 


l.ol  No. 


70 


;VA!)C  TH  5B-3?6 


IQ2 


MECHANIC  A  I.  PHOPBHTIKS 

_ May  2B,  1957  Kor  Chari  No.  49 


Sluil 

3/4-16  'Ihrrgd 

Mll.-S.7iOB 

*  lK.1'1)  i  Jij.ct  ill  I  (-1) 

Milr  v  i-il  Mri'iif'lh  I'M 

,  MI'i  I  :.j.i  i  ii,u  n 

Vii‘I.i  Mvi  iii;Ui  220,  (luQ 

1  f.  'll;;:1!  I  ll  ll|  "  Vi  111  4  M  t  -  t  I  «  t  V 

.  '•Uri  fViiji* 1  Nj*.  .  tint'll  13,0 

II t: «li  •  lli'it  ul  Avi'a 

.  riO'i  Uojjf  :.("t  iiVni'ti  ,  47,  ,* 

.‘iliffli-  i-ircnijiti  ..  licit  OniSy 

I'uii'nlo  ••  Dtnilitc  Slirar 
P.M 

r r 1 1 ;; 1 1 1  [1  fi,  000,1100 
Cyi  too  for*  l  ow  I  n:nl 

Pc  unc5»!  44,000 

IASI  {Mean  Aren)  170.000 

I  .tit  No.  7 fl 


Pi.  II 


4N.  I 


A.tl.  Mill 

.1  liT.OtHI 


Holt  Oetttliillnn 

Tyjin 

fiir.it 

Material 

Holt  .Sln-t ii;4U  |*cmi lift 


UiiltiiiTi  ii- 1 mill' 

VU'til  fifvrnglh 


•VAOC  Tit  58-326 
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TENSION.*  TBNSHIN  FATUltm  TEST  gKSOLTS 
10%  Prci!«.id  -  Sirens  C.alctihAetl  on  TYituile  Sirens  Arej  . 

6-6-57 


floll  Design 
Sire 

Material 
Heat  Tnvilwont  . 
Tliretul  1'ttrrn 
Dl.ile 

sin-ee  vrti 

NVl  Tyj*r 
■’Syii- 
M.l.  ri.it 
He  vl  iVv  lIVA^Itl 


Sltnl 

3/4-Hv 

MlL-S-tlOfi 

220,000-240,000  {mi 

Hiy.li  Karim* 

Noijv 

0.-1724  nitlrn# 

I'nrnKS^rrl 


i  <■  n  1 1  •  * H  M  II  HlO1 


Mile 

Kti. 

Hits* 

( !.«l*  m  ily 

t',o.  iuH»  jiuiM.ii 

Sji  -til 

hm> 

i  j‘iii 

M  l  SHillllr)  1  ,11.1(1 

74,400/' 

•  67.0  V  5/ 

59.  Ml  4# 

i*  t  v  <•  n  a 

/'an,  otto  j.m 

lrt(t,  (Mil)  {.di 

160.  000  {-si 

Unj.liteil 

11.200 

49, '/OU 

1(10,600  20,  200 

II.  HM.» 

is.  sue 

86,61)0  23,  100 

20,000 

27,  100 

40.800  23,600 

?.  1 . 000 

30,  <00 

09.700  25,800 

is,2/m 

30.2.00 

111.  300  20,  700 

A  vi't'i  j.]f. 

'15,060 

36.400 

'  98, 800  24. TfiO 

I.Og  ifM*>illll  Me  III  Life 

15.280 

36,  600 

,89.090  24.140 

Minimum  f.otil 

52.  1  36# 

48. 120# 

Sire  Ha 

140.000  ym 

130.060  pm 

-  unprma 

2.313,000 

jr-iarcu 

40,900 

8,043,000  NF 

160,000 

•57,200 

8,043,000  NF 

i.  340. 000j Hedy)  63,100 

785,000 

90,400 

562.700 

Average 

1,013,  .00 

62.900 

8,043,000 

Logarithmic  Me. in  Life 

745,  300 

60,440 

8.043,000 

W.iDC  TR  50-326 


205 


MECHANICAL  PROPERTIES 


For  Chart  No.  51  and  52 


Bolt  Deicriplion 


type 

iH*r> 

Material 


Stud 

3/4-16  High  fUillue 
MIL-S-7108 


Kale  lisseatitli  Pound# 

‘  '  ^  Kperlnirtt  1  Spsi  linen  2 

lUlitiintf)  Vritoilc 
Yield  Strength 


f !  i  %  n  e  1 1'  1  !  i  Hr  r  1 1 1 4t  h P.  \1 

.  f:0!)  (•  i<;0  Sj'.n  imou 
'ionalln  fiirtuglU 

Yield 

>:i(.iir.itllc;-i»  V»  in  4  BJ  a  wirier 
,  503  C^H'i  Specimen 


250.000  237.  ri0() 

ZZO.60O  ^IX.UCUl 


10.0  15.0 


Reduction  ol  Avca  & 
.CO'JUnH0  Specimen 


47.?.  43.1 


Shear  S.renj^lh  “.Holt  Hod}l 

Pounds.  -  Moubte  Shear 
PSI 

Fatigue  Strength  Q  B,  000.000 
Cy« IcaliO*  Low  l<d>d 


Hound# 

PSI  {Mean  Area) 


4B.J20 

130.000 


Lot  No. 


49 


WADC  Til  50-326 
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iD.m.m 


TENSION  - 

. ..  _  70%  Preload  « 

TENSION  FATIGUE  TEST  RESULTS 

St  via  os  Calculated  uaTeoalle  Sires#  Area 

Date: 

&t.n  pf*ign 

iftiwt 

Stud 

Site 

3/446 

3/4-16 

Material 

MII.-S-7108 

MU.-S-7I08 

ifeat  Treatment 

220.000-240,000  p»t 

220, 000  .2*9,000  ] 

Thread  Form 

Cut  UNF  3  A 

Crourtd  MJ1.-B 

Plate 

None 

Norte 

Stress  Area 

.  3/24  Square  inches 

Mut  *A*y|»r» 

UnsMi^agcd- 

UupnjtftRrd 

Stylo 

Material 

Ifciit  VirrAtnimt 

A'c.filh'X  M fi  *  *  Ixkt  ?? 

M.pUr 

Ivy 

Ivy 

<  i.'ifviUty 

Cft,  OOP  pOi^-iil 

60,000  pourtA 

SjiOCll 

1200  (  pin 

1200  i  p  in 

Cut  Tli.vecd 

ftVCl’JM'i  'aIivcpI 

53,1369 

52,136# 

UUe*» 

HO.  000  i)*i_ 

143,  000  £#i 

5,000 

9;  000 

7.000 

11,000 

7.000 

11.000 

7.000 

12,000 

Load 

37.2401 

37,240# 

Stress 

100,000  psi 

100,000  pat 

11.000 

44.000 

11,000 

47,000 

17,000 

49,000 

71,000 

L««d 

22, 344# 

Stress 

60,000  psi 

70,000 

84, 000 

88,000 

V/ADC  TR  58-326 

EOS 
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MECHANICAL  ggOKKfiTlgS 

Date  DeCginbof  3Bt  1957 _  h'ot  Chair;  No.  . 


Jolt  Di-»cripnon 

IVjtt, 

Sir.r 

MttGj-i.il 


tint  ihrotd 

Stud 

3/4-16 

MII.-.S-7ICH 


Grouml  Thread 

9/4-1 6 

MfL-tt-710* 


Holt  Mrcngtlt  I'onmtn 

tioeu  t  i't*rt  lint'll  «*. 

MHHnStr  "*VhWI«- 
Vti'liJ  Mvi'n^th 

M.ili’ivrf}  ; >t >1- ii 1 t*  i“,-t 
,  '1  It *t  tl.ijjl!  .‘ijll'l  Mill'll 

tClinilc  ,'  Ci  rojjtli  it'} l,  Mill  /.id.1.* Ml 

YioM  !itvi-ii|(lh  ilOO.OUU  ZlHl.uOO 

£  ll-.ll!  ‘t  IIJI1  Oj  III  '1  ill  ui.Gtri- 

. ‘lOlitMfto  iiu"ii  10.7  lit.  U 

it c  ili  ui ion  o!  Ascj  » 

,  505  t ;  i ii.omi  <56,  3  <57,  rt 

,‘jtuvir  Mi myth  »  Holt  Horty 

1'womle  -  iJovibio  IiFienr 
i’M 


.‘ijiri  lHicn  I  iijjift  itrirn  /, 


/  t.t,  <5Q!i  /  U,  IHM 

1 71.000  1 91'.  IHIU 


»/.«  II.  0 


<W.'»  7M  1 


t'.ittguo  ijleengHi  M  B,  000,  000 
Cycles  10ft  J.ow  l.ool 

JV/itviiJa 

r  FS7  7  Me.  inA  r  c  a!  T 

l.o t  No.  53?  &2» 


W ADC  TR  58-336 
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TENSION  -  TENSION  lFATflOUE  TEIST  Ri  .SUl.TS 


i. 

f 

* 

i. 


t 

i 


I 

t 


I 


1 


10%  Preload  ••  SI, rase  Calculated  an  Tensile  Slreaa  Area 

Hat*;  *2-16-57 


Holt  Design 
Sire 

Material 

Heat  Treatment 
Threats  Perm 
Plate 

Stress  Area 

Not  Type 
Style 
Material 
llrnt  Treatment 

JioBttiifj  Mat- litne 
Hr^n 

Sjirrit 


MakUniiin  I  fait 
Strcnii 


Average 

l^ugarUtiTiiie  Mean  I  Ate 

Ms ki mu  in  J.oait 
StrOBB 


Average 

logarithmic  Mean  1! fe 


W  "  DC  TO.  5B-326 


Stud ' 

1"-14 

MiL-S-TI08 

220. 000-240, 000  pit 

MfI.-n»785B 

none 

. 6V9i  Square  ini  lien 

l 

N^iae 


Atuoler 

220,  (JUt*  [ii-nutt 

SOii  <  gin 


135. 8  200 

122.2.30# 

10:1,  <i5(i§ 

2.00.000  pel 

1M 0,(1110  pfli 

100.  000  i;ai 

u,  0(10 

1 1. 000 

44,80(1 

10.000 

21.000 

(10,900 

i I , 400 

2  <1.000 

10!),0u() 

1  3.000 

3O.OU0 

130,000 

15.000 

32,000 

305,000 

1  » .  720 

23.000 

116.  .340 

i l. 520 

22.140 

115,600 

95,0741  03,283# 

MOyQ_opi»j 

973,000  8,000, 000  INK 

_  j  ai  ir  mn _ a  aaa  tmn  Mg 

1,833,000 
3. 149,700 
3.501,000 

2, 186.  000  8,000,000 

1,951.000  8,000,000 
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MECHANICAL  PROPERTIES 

3i.lt>  _ Occsmbar  (L  ?Q5?.-  .  _  Vai  ntu*»t  to..  .  ...  ...  xl* 

Q  JOipm  Tfjg^iP.~  — -'-  -|-  —  »  w  ifTt 


Bi>lt  Sittrlplka 
Typs 

CjMW 
<:fl  w  n 

Material 

fkilt  Jitrenglh 

IHsiutito  TthmJtt- 
Violil  MfoiiRtli 

Material  It'M 

,  !>0!J  Gnee?  Pjinriinrsi 
TeuniJc  ?•  tire »| t; t f r 
Yield 

)-  ti>m;a5ii.ij  .■  %  in -J  t»Jan>’’ter  ' 
.  riOr>  t  ;.«tlo  * ,'rr  itiicii 

Until'  th’il  vi  A rc.t  i.  r,i 

*  •  •  *'  .  *«. 

.  5WA  Spertmerv 
/ i  hefty  litren&th  <■  5 kilt  lltt.lv 
i’oui.d*  -  UuuHtf  Jiheae 

KaUgua  SlraHRth  M  H.flQb.O 0 Q 
Cycles  iQ%  I<ow  l.ovi 

...  ...  ■,.r ■■  .  ..i«  , 

_  I’ounxlB _ . _ 

I*SI  I  Me  *ii  Area) 

kl  No, 


iitml 
l,,-14 
Ity  tut. 


Specimen  1  ,  ((urn  /, 


jn,  rod 

MIA.  tun 


??£,  Min 

1'V'i,  VtJO 


4V.V 


it.  i 


88,2(33 

2« 
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